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(554) The extraordmary aspect of comets, their rapid 
and seemingl) irregular motioos the UDcxpected manner in 
Tcbich they often burst upon us ami the imposing msgni 
tudes which they occasionally assume have in all ages 
rendered them objects of astonishment, not unmixed with 
superstitious dread to the uninstructed, and an enigma to 
those most conversant with the wonders of creation and the 
operations of natural causes Even now, that we have 
ceased to regard their movemente as irregular or as gov 
erned by other laws than those which retain the planets in 
their orbits, their intimate nature and the offices they per 
form in tbo economy of our system are as much unknown 
as ever Ko distinct and satisfactory account has yet been 

(465) 
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rendered of those immenaelj \oluminoug appendnges which 
they bear about ^vith them, and which arc known by the 
name of their tails (though improperly, since they often 
precede them in their motions), any more than of soreral 
other singularities which they present 

(655 ) The number of comets which have been astro 
nomitallj obscrNcd, or of which notices have been recorded 
in history, is \cry great, amounting to several hundreds,’ 
and when we consider that in the earlier ages of astron* 
omy, and indeed in more recent times, before the inven* 
Uon of the telescope, only large and conspicuous ones were 
noticed, and that, since duo attention has been paid to the 
subject scarcely a year has parsed without the observation 
of one or two of these bodies, and that sometimes two and 
oven three have appeared at once, it will be easily supposed 
that their actual number must be at least many thousands 
Multitudes, ludeed, must escape all observation, by reason 
of their paths traversing only that part of the heavens 
which 13 .above the horizon m ^h© daytime Comets so 
circumstanced can only become visible by the rare coinci 
dence of a total eclipse of the sun — a coincidence which 
happened, as related by Seneca, sixty two years before 
Christ, when a large comet was actaally observed very 
near the sun Several, however, stand on record as hav* 
ing been bright euongh to be seen with the naked ©ye in 


< See caulogues id ilie Almagest ol Bcc oil Pmgrd a Cometograph e, De* 
bnibre B AstroD Tol li Aatronom acbe AldianUl lugec Ko 1 (ivhicti cooialna 
the clemeDla of all the orbita of comets which hate b«en computed to the time 
of Its publ cat on 1S33) also s cstaloguo by tha ItSF T J Hussey Xood. 
ftnd Ed Phil Mag toI ii Ho 9 el leq In a 1 at cited by Lalaode from the 
lac Tol. of the Tables de Bed d 100 comets are enumerated See also ooticea 
of tl e Aatronom cal Society and Aetron K«chr paastm A great many of the 
more ancient comets are recorded in the Ch neee Annals and in some cases m th 
81 fBciest prec s oit to allow ol the celculetlOB of rudely approx mate orbits from 
their motiona so described 
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the daytime, orea at noon and in bright sunshine^ Such 
TTcro the comets o£ 1402, 1682 end 1843, aod that of 43 B.O. 
T7hich appeared during the games celebrated by Augustus 
in honor of Venus shortly after the death of Caesar, and 
■which the flattery of poets declared to be the soul of that 
hero taking its place among the divinities. 

(656.) That feelings of awe and astonishment should 
be excited by the sudden and unexpected appearance of 
a great comet, is no way surprising; being, in fact, accord- 
ing to the accounts wc have of such events, one of the 
most imposing of all natural phenomena. Comets consist 
for the most part of a large and more or less splendid, but 
ill-deflued nebulous mass of light, called the head, which 
is usually much brighter toward its centre, aod oSers the 
appearance of a vivid nucleus, like a star or planet From 
the head, and in a direction opposite to (hat in uihteh the sun 
is situated from the comet appear to diverge two streams of 
light, which grow broader and more diffused at a distance 
from the bead, and which most commonly close in and 
unite at a little distance behind it, but sometimes continue 
distinct for a great part of their course; producing an effect 
like that of the trams left by some bright meteors, or like 
the diverging fire of a skj’-rockeV (only without sparks or 
perceptible motion) Tins is the tail This magnificent ap- 
pendage attains occasionally an immense apparent length. 
Aristotle relates of the tail of the comet of 871 B C., that 
It occupied a third of the hemisphere, or 60°, that of A.D. 
1618 IS stated to have been attended by a train no less than 
104° in length. The comet of 1680, the most celebrated of 
modern times, and on many accounts the most remarkable 
of all, with a head not exceeding in brightness a star of the 
second magnitude, covered with its tail an extent of more 
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than 70’ of t!jo lua^ens, or, as some nccounta Btatc, 90®; 
that of tbo comet of 17(>9 extended 97®, and tliat of the last 
great comet (1&13) wna estimated at about Oo* when longest. 
The figure {/ig 2, Plato II ) is a representation of the comet 
of 1810— no means ono of tho most considerable, but 
which i\ns, however, very conspicuous to the naked eye 
(657) The tail la, honover, by no means an invariable 
npi>endngo of comets Mnn^ of tho brightest have boon 
obscr\ed to hn\Q short and feeble tails, and a fen great 
comets liase been entirely without them TIio^o of 168.3 
and 1703 offered no vestige of a tail, and Cassim describes 
tlie comets of 1666 and 10S2 as being as round* and as well 
dclined as Jupiter On tbo other hand, instances are not 
wanting of comets furnished with many tails or streams of 
Uitcrging light That of 1744 bad no le«s than six, spread 
out like an immense fan, extending to a distance of nearly 
80’ ID length Tbo small comet of 1823 had two, making 
an angle of about 100®, the brighter turned as nsual from 
the sun, the fainter toward it, or nearly bo The tails of 
comets, too, are often somewhat curved, bending, in gen 
oral, toward the region which the comet has left, as if 
moving Horaewhat more slowly, or ns if resisted in their 
course 

(658 ) The smaller comets, such as are visible only in 
telescopes, or with dilUculty by the naked eye, and which 
are by far the most numeroas, offer very frequently no 
appearance of a tail, and appear only as round or some 


* This deacript od bowercr appl es to the ‘ disk of the head of these 
comets as seen in a telescope C^sini’e express one are * a issi road a issi 
net et auss) claIr quo Jup (or ’ (where it ta to be observed that the latter 
ep thet must b; no rocaos be trauslated br^U) To vindentand U is passage 
fuUy the reader must refer to Che deacrpion ^ven further on of the d sk ’ 
of Ualle/ s comet, after Its pecihehon paM^e m 1835-6 
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vhat oYal YOpoTOUft TOasaw, mote dense toward the centre, 
where, however, thej appear to have no distinct nucleus, or 
anything which seems entitled to bo considered as a solid 
body. This was shown in a very remarkable manner in 
the case of the comet discovered by Miss Mitchell in 1847, 
which on the bth of October in that year passed centrally 
over a star of the fifth magnitude: bo centrally that with a 
magnifying power of 100 it was impossible to determine in 
which direction the extent of the nebulosity was greatest. 
The star’s light seemed m no degree enfeebled; yet such 
a star would he completely obliterated by a moderate tog, 
extending only a few yards from the surface of the earth. 
And since it is an observed fact, that even those larger 
comets which have presented the appearance of a nucleus 
have yet exhibited no phases, though we cannot doubt that 
they sbine by the rcdected solar light, it follows that oven 
these can only be regarded as great masses of thin vapor, 
susceptible of being penetrated through their whole sub 
stance by the sunbeams, and reflecting tliem alike from 
their interior parts and from tbeir surfaces Nor will any 
one regard this explanation ns forced, or feel disposed to 
resort to a phosphorescent quality in the comet itself, to 
account for the phenomena in question, when we consider 
(wliat will he hereafter shown) the enormous magnitude of 
the space thus illuminated, and the extremely small masB 
winch there is ground to attribute to these bodies. It will 
then be evident that tbo most unsubstantial clouds which 
float in the highest regions of our atmosphere, and seem 
at sunset to be drenched in light, and to glow throughout 
their whole depth as if in actual ignition, without any 
ahAJiciw a? dojib. ouLc, moat Im. lookciL upon, a* aad. 

xaaastvo bodies compared with tbo filmy and all but spirit* 
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twl tCTtaro of o comet Accordingly, whenever powerful 
tclc‘icopcs have been turned on these bodies, thej have not 
failed to dispel the illusion which attributes sohdily to that 
more condensed part of tho head, which appears to the 
naked eye os a nucleus, though it is true that in somo 
a very minute stellar point ?tas been seen, indicating the 
existence of something more substantial 

((>50 ) It 13 in all probability to tho feeble coercion of 
the elastic power o! their gaseous parts by the gravitation 
of so small a central moss, that wo must attribute this 
extraordinary development of tho atmospheres of comets. 
If the earth, retaining its present size, were reduced, by 
any internal change (aa by hollowing ont its central parts) 
to ono thoQsandth part of its actual mass, its coercive power 
over tne atmosphere would bo diminished in the same pro 
portion, and in consequence the latter would expand to a 
tboosand times its actual bulk ond indeed much more, 
owing to the still further diminution of gravity, by the 
recess of the upper parts from the centre * An atmos 
phero however, free to expand equally m all direction^ 
would envelope the nucleus spbcncally, so that it becomes 
necessary to admit the action of other causes to aixsount for 
its enormous extonatou in tho direction of the tail — a subject 
to which we shall presently take occasion to recur 

(o60J That the luminous part of a comet is somethiug 
in the nature of a smoke fog or cloud, suspended in a 
transparent atmosphere is evident from a fact which has 


' ITewlon has ca culated (Fr nc III p 618) that a globe of a r of ordinaiy 
dens tv at the earth a surface of one in d smeter If reduced to the deua ij 
duo to the all tude above the anrfaco of one nd us of tho earth would occupy a 
sphere exceeding a radi s the orb t of Saturn T1 e ta 1 of a great comet then 
for aught we can tell may cons at of only a vety few pounds or even ounces 
of matter 
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been often noticed, mz — that the portion of tho tail where 
It comes closest to, and eurrounds tbo head, is ^et separated 
from It by an interval leas InmiDous, os if snstaincd and 
kept off from contact by a transparent stratum, as we often 
see one layer of clonda over another with a considerable 
clear space between These, and most of the other facts 
observed m the history of comets, appear to indicate that 
the strDCtnre of a comet, as seen in section in the direction 
of its length, must be that of a hollow envelope, of a para 
bolic form, inclosing near its vertex the nuclens and head, 
something as represented in the annexed figure This would 



account for the apparent division of the tail into two principal 
lateral branches, the envelope being oblique to the hoe of 
sight at its borders, and therefore a greater depth of illunu 
nated matter being there exposed to the eye In all proba 
bility, however, they admit great varieties of structure, and 
among them may very possibly be bodies of widely differ 
ent physical constitution, and there is no doubt that one and 
the same comet at different epochs undergoes great changes, 
both IQ the disposition of its materials and in their physical 
state 

(661 ) We come now to speak of the motions of comets 
These are apparently most irr^alar and capricious Some 
times they remain in sight only for a few days at others for 
many months some move with extreme slowness others 
with oxtriordimry velocity while not infrequently, the 
two extremes of apparent sjieed are exhibited by the same 
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comet m different parts ot tts course The comet of 1472 
described on arc of the bca\cns of 40® of a great circle* m a 
emglc day Some pursue a direct, some a retrograde, and 
others a tortuous and very irregular course, nor do they 
condno themselves, like the planets, within any certain 
region of the heavens, but traaerso indifferently every part 
Their variations in apparent size, during the time they con 
tinuc Msiblc, are no less romarkablc than those of their 
velocity, Bomctimca they make tboir first appearance as 
faint and slow moving objects, with little or no tail, but 
by degrees accelerate, enlarge, and throw out from them 
this appendage, which increases m length and brightness till 
(as always happens in such cases) they approach the sun, 
and arc lost in his beams After a time they again emerge, 
on the other side, receding from the sun with a velocity at 
first rapid, but gradually decaying It is for the most part 
after thus passing the sun that they shine forth in all their 
splendor, and that their tails acquire their greatest length 
and development, thus indicating plainly the action of the 
sun s rays as the exciting cause of that extraordmary emana 
tion As they continue to recede from the sun, their motion 
diminishes and the tail dies away, or is absorbed into the 
head, whivh itself grows continually feebler, and is at length 
altogether lost eight of, in by far the greater number of cases 
never to be seen more 

(662 ) Without the clew furnished by the theory of gravi 
tation, the enigma of these seemingly irregular and capri 
Clous movements might have remained for ever unresolved 
But Newton having demonstrated the po'^sibility of any 
conic section whatever being described about the sun, by a 

* 120* 1q extent n the fonoer ed t one But th a wns the arc described in 
longittide and the comet »t the tliisa raferred to h&d great north latiiude 
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body revolving under the dominion of that law, immedi* 
ately perceived the applicabih^ of the general proposition 
to tho case of comotary orbits, and tho great comet of 1680, 
one of the most remarkable on record, both for the immense 
length of its tail and for the excessive closeness of its ap< 
proach to the sun (within one sixth of the diameter of that 
luminary), afforded him an excellent opportunity for the 
trial of his theory The success of the attempt was com* 
plete He ascertained that this comet described abont the 
snn os Its focus an elliptic orbit of so great an cxcentncity 
as to be indistingaisbahle from a parabola (which is the ex 
treme, or limiting form of the ellipse when the axis becomes 
infinite), and that m this orbit the areas described about the 
sun were, as lo the planetary ellipses, proportional to the 
times The representattoa of the apparent motions of this 
comet by such an orbit throughont its whole observed 
coarse, was found to be os satisfactory as those of the mo 
tioQS of the planets in their nearly circular paths From 
that time it became a received truth that the motions of 
comets are regulated by tbe same general laws as those 
of the planets — the difference of the cases consisting only 
ID the extravagant elongation of their ellipses, and in the 
absence of any limit to the inclinations of their planes to that 
of the ecliptic, or of any general coincidence in the direc 
tion of their motions from west to east rather than from 
east to west, like what is observed among the planets 
(563 ) It 18 a problem of pare geometry, from the gen 
eral laws of elliptic or parabolic motion to find the situa 
tion and dimensions of the ellipse or parabola which shall 
represent the motion of any given comet In general, three 
complete observations of its right ascension and declination, 
with the times at which they were made, suffice for the sola 
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tion of this problem (which is, however, by no means an 
easy one) and for the determination of the elements of the 
orbit These consist, mvAatM muiandia^ of the same data as 
are required for the computation of the motion of a planet 
(that IS to say, the longitude of the perihelion, that of the 
ascending node, the inclination to the ecliptic, the semi axis, 
excentnoity, and time of perihelion passage, as also whether 
the motion is direct or retrograde), and, once determined, it 
becomes very easy to compare them with the whole observed 
course of the comet, by a process exactly similar to that of 
art 602, and thus at once to ascertain their correctness, and 
to put to the severest tnal the truth of those general laws on 
which all such calculations are founded 

(664 ) For the most part, it is /ound that the motions of 
comets may be sutBcieotly well represented by parabolic 
orbits— that is to say, ellipses whose axes ore of luQnite 
length, or, at least so very long that no appreciable error 
in the calculation of their motions, during all the time they 
continue Msible, would be incurred by supposing them ac 
tually infinite The parabola is that conic section which 
13 the limit between the ellipse on the one band, which re 
turns into itself, and the hyperbola on the other, which runs 
out to infinity A comet, therefore, which should describe 
(in elliptic path, however long its axis, must /<ote Msitcd the 
sun before, and must again return (unless disturbed) id some 
determinate pcrioil — but should its orbit bo of the hyper 
bohe character, when onco it had pas':cd its penhehon, it 
could ncier more return within the sphere of our observa 
tion, but must run of! to visit other systems, or be last in 
the immensity of space There is no instance of a comet 
whoso orbit bos been i cry carefully calculated by more than 
one compuiist being j>rottd to hn%e described a hyperbola. 
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though several have hceo suspected o£ doing so.* Many 
have been ^ell ascertained to move in ellipses. These lat> 
ter, in so far os their orbits can remain unaltered by the 
attractions of the planets, must be regarded as permanent 
members of onr system. 

(665) We must now say a few words on the actual 
dimenstons of comets. The calculation of the diameters 
of their heads, and the lengths and breadths of their tails, 
offers not the sbghtest difficulty when once the elements of 
their orbits are known, for by these we know their real dis- 
tances from the earth at any tune, and the true direction of 
the tail, which we see only foreshortened Now calcula- 
tions instituted on these principles lead to the surprising 
fact, that the comets are by far the most voluminous bodies 
m our system The following are the dimensions of some 
of those which have been made the subjects of such inquiry. 

(566 ) The tail of the great comet of 1630, immediately 
after Its penhehou passage, was found by Newton to have 
been no less than 20000000 of leagues in length, and to have 
occupied only two days in its emission from the comet’s 
body I a decisive proof this of its being darted forth by some 
active force, the origin of which, to judge from the direction 
of the tail, must be sought id the sun itself Its greatest 
length amounted to 41000000 leagues, a length much exceed- 
ing the whole interval between the snn and earth The tail 
of the comet of 1760 extended 160(X)000 leagues, and that of 
the great comet of 1811, 86000000 The portion of the head 
of this last, comprised within the transparent atmospheric 
envelope which separated it from the tail, was 180000 leagues 


' For example that of 1T23 calculated b/ BiirckhardC, that of 1111, bj 
both Burcichardt and Encke . and the second comet of 1818, ij Rosenberg and 
Schwab©. 
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in diameter. It is hardly conceivable, that matter once pro* 
jected to such enormous distances should ever be collected 
again by the feeble attraction of such a body as a comet — a con 
sideration irhich accounts for the surmised progressive dimi 
nation of the tails of such as hare been frequently observed. 

(667 ) The most remarLable of those comets which have 
been ascertained to move m elliptic orbits is that of Halley, 
so called from the celebrated Edmund Halley, who, on cal- 
culating its elements from its pcnhehon passage in 1682, 
when it appeared in great splendor, with a tail SO® in length, 
was led to conclude its identity with the great comets of 
1631 and 1607, whose elements he had also ascertained The 
intervals of these successive apparitions being 76 and 76 
years, Halley was encouraged to predict its reappearance 
about the year 1759 So remarkable a prediction could not 
fail to attract the attention of all astronomers, and, as the 
tune approached, it became extremely interesting to know 
whether the attractions of the larger planets might not mate 
nally interfere with its orbitual motion The computation 
of their influence from the Newtonian law of gravity, a most 
diiflcult and intricate piece of calculation, was undertaken 
and accomplished by Olairaut, who found that the action of 
Saturn would retard its return by 100 days, and that of 
Jupiter by no Jess than 618, making in all 618 days, by 
which the expected return would happen later than on the 
supposition of its retaining an unaltered period — and that, 
in short, the time of the expected perihelion passage would 
take place within a month, one way or other, of the middle 
of April, 1769 — It actually happened on the 12th of hlarch 
in that year Its next return was calculated by several emi- 
nent geometers,* and flxed successively for the 4th, the 7tb, 


* PtuDolseau, PoDtecoaUiil, Boaoaborger and Lchmaon, 
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the 11th, and the 26th of November, 1835, the two latter 
determinations appearing entitled to the higher degree of 
coQhdeace, owing partly to the more complete discussion 
bestowed on the observations of 1682 and 1759, and partly 
to the continually improving state of our knowledge of the 
methods of estimating the disturbing effect of the several 
planets The last of these predictions, that of M Lehmann, 
was published on the 25th of July On the 6th of August 
the comet first became visible in the clear atmosphere of 
Rome as an exceedingly faint telescopic nebula, within a 
degree of its place as predicted by M Rosenberger for that 
day On or about the 20tb of August it became generally 
visible, and, pursuing very nearly its calculated path among 
ibe sluTS, xwkssed ivs penbehon on \be \6lb of NosemboT, 
after which, its course carrying it south, it ceased to be visi 
ble in Europe, though it continued to be coospicuonsly so 
in the southern hemisphere throughout February, March, 
and April, 1836 disappeanng finally on the 6tb of May 
(568 ) Although the appearance of this celebrated comet 
at Its last apparition was not such as might be reasonably 
considered likel} to excite lively sensations of terror, even 
in superstitious ages, yet, having been an object of the most 
diligent attention in all parts of the world to astronomers, 
furnished with telescopes very far surpassing m power those 
which had been applied to it at its former appearance m 
1759, and indeed to any of the greater comets on record, the 
opportunitj thus afforded of studying its physical structure, 
and the extraordinary phenomena which it presented when 
so examined have rendered this a memorable epoch in com 
etic history Its first ajipearance, while yet very remote 
from the sun, was that of a small round or somewhat oval 
nebula, quite destitute of tad, and having a minute point of 
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more concentrated light excentncally situated withm it It 
was not before the 2d of October that the taii began to 
be developed, and thenceforward increased pretty rapidly, 
being already 4® or 6* long on the 6th It attained its 
greatest apparent length (about 2(r) on the 15th of October. 
From that time, though not yet arrived at its penhehon, it 
decreased with such rapidity, that already on the 29th it was 
only 8°, and on November the 6th 21° in length There is 
every reason to believe that before the perihelion, the tail had 
altogether disappeared, as, though it continued to be observed 
at Polkowo up to the very day of its perihelion passage, no 
mention whatever is made of any toil being then seen 

(569 ) By far the most striking phenomena, however, 
observed in this part of Us career, were those which, com 
mencing simultaneously with the growth of the tail, con 
nected themseUes evidently with the production of that 
appendage and its projection from the head Ou the 2d of 
October (the very day of the first observed commencement 
of the tail) the nucleus, which had been faint and small, 
was observed suddenly to have become much brighter, and 
to be in the act of throwing out a jet or stream of light from 
its antenor part, or that turned toward the sun This ejeo 
tioQ after ceasing a while was resumed and with much 
greater apparent violence, on the 8th, and continued, with 
occasional intermittences, so long as the tail itself contmned 
visible Both the form of this luminous ejection, and the 
direction in which it issued from the nucleus, meanwhile 
underwent singular and capricious alterations, the different 
phases succeeding each other with such rapidity thit on no 
two successive nights were the appearances alike At one 
time the emitted jet Mas single, and confined within narrow 
limits of divergence from the nucleus At others it pre 



OUTUyES OF ASTBO^O^T 


479 


scnted a fan shaped or swallow tailed form, analogous to 
that of a gas flame laaning from a flattened orifice while 
at others again two, three c/i eren more jets were darted 
forth in different directions * (See figures a, b, c, d, Plate 
1 Jig 4, which represent, highly magnified, the appearances 
of the nucleus with its jets of light, on the 8th, 9th, 10th, 
and 12th of October, and in which the direction of the 
anterior portion of the head, or that fronting the sun, is 
supposed alike in all, riz toward the upper part of the 
engraTing In these representations the bead itself is 
omitted, the scale of the figures not permitting its intro 
duction e represents the nucleus and head as seen October 
9th on a less scale ) The direction of the principal jet was 
observed meanwhile to oscillate to and fro on either side 
of a line directed to the sun id the manner of a compass 
needle when thrown into vibration and oscillating about a 
mean position, the change of direction being conspicuous 
even from hour to hoar These jets, though ver^ bright at 
their point of emanation from the nucleus, faded rapidly 
away, and became difiosed as they expanded into the coma, 
at the same time curving backward as streams of steam or 
smoke would do, if thrown out from narrow orifices more 
or less obliquely m opposition to a powerful wind, against 
which they were unable to make way, and, ultimately yield 
ing to Its force, so as to be drifted back and confounded in a 
vaporous train following the general direction of the current * 
(D70) Hefiectmg on these phenomena and carefully con 


' See the exctnis ce 1 repreienlahons of tbese phenomena bj Bea 

Bel, Aetron I»acbr No SO** and the fin* eenes bf Schwabe in No 297 of 
that coltecROQ a« also the ma^n floent drawing* of Struve from which our 
fibres abed are cop ed 

* On th 8 po nt Schwabo » and Bes«el a draw ag* are very espres* and 
oneciu Tocal Str re * attention seems to have been more espMialJy directed 
to the scrutiny of the nucleus 
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sidermg the evidence afforded by the numerous and elabo 
lately executed dravrings which have been placed on recorc 
by observers, it seems impossible to avoid the following 
conclusions 1st That the matter o£ the nucleus o£ a cornel 
IS powerfully excited and dilated into a vaporous state bj 
the action of the sun’s rays, escaping m streams and jets 
at those points of its surface which oppose the least resist 
ance, and in all probability throwing that surface or the 
nucleus itself into irregular motions by its reaction in the 
act of so escaping, and thus altenng its direction 

2dly That this process chiefly takes place in that por 
tion of the nucleus which is turned toward the sun, the 
vapor escaping chiefly m that direction 

Sdly That when so emitted, it is prevented from pro 
ceeding in the direction origioally impressed upon it, by 
some force directed from the eun, drifting it back and carry 
mg It out to vast distances behind the nucleus, forming the 
tail or so much of the tail as cao be considered as consisting 
of matenal substance 

4thly That this force, whatever its nature, acts un 
equally on the materials of the comet, the greater portion 
remaining unvaporized, and a considerable part of the 
vapor actually produced, remaining in its neighborhood, 
forming the head and coma 

Sthly That the force thus acting on the materials of the 
tall cannot possibly be identical with the ordinary gravita 
tion of matter, being centrifugal or repulsive, is respects 
the sun ind of an energy very far exceeding the gravitating 
force toward that luminary This wiU be evideut if we con 
Bider the enormous velocity with which the matter of tho 
tail IS earned backward in opposition both to the motion 
which It had as part of the nucleus, and to that which it 
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acquired in the act of ita emission, both which motions 
have to be destroyed in the lirst instance, before any move* 
meat m the contrary direction can be impressed 

6thly. That unless the matter of the tail thus repelled 
from the snn be retained by a peculiar and highly energetic 
attraction to the nuclens, differing from and exceptional 
to the ordinary power of gravitation, it must leave the 
nucleus altogether, being m effect earned far beyond the 
coercive power of bo feeble a gravitating force as would 
correspond to the minute mass of the nucleus, and it is 
therefore very conceivable that a comet may lose, at every 
approach to the sun, a portion of that peculiar matter, 
whatever it be, on which the production of its tail depends, 
the remainder being of coarse less excitable by the solar 
action, and more impa<3tve to his rays, and therefore, pro 
tanlo, more nearly approximating to the nature of the 
planetary bodies 

7thly That considering the immense distances to which 
at least some portion of the matter of the tail la carried from 
the comet, and the way in which it is dispersed through the 
Bystem, it js quite inconceivable that the whole of that 
matter should be reabsorbed — that therefore it mast lose 
dating its penhelion passage some portion of its matter, 
and if, as would seem far from improbable, that matter 
should be of a nature to be repelled from, not attracted by, 
the sun, the remainder will, by consequence, be, pro quan 
titaU inerttce, more euergetically attracted to the sun than the 
mean of both If then the orbit be elliptic, it will perform 
each successive revolution in a shorter time than the pre 
ceding, until, at length, the whole of the repulsive matter 
is got rid of — But to return to the comet of Halley 

(671 ) After the perihelion passage, the comet was lost 
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Bight of for upward of two months, and at its reappearance 
(on the 24tb of January, 1B86) presented itself under quito 
a difierent aspect, having in tho interval evidently under- 
gone some great physical change which bad operated an 
entire transformation in its appearance It no longer pre 
seated any vestige of tail, but appeared to the naked eye 
as a hazy star of about the fourth or dfth magnitude, and 
in powerful telescopes as a small, round, well defined disk, 
rather more than 2 in diameter, surronnded with a nebulous 
thtvelure or coma of much greater extent Within the disk, 
and somewhat excentricalfy situated, a minute but bnght 
nucleus appeared, from which extended toward the pos 
tenor edge of the disk (or that remote from the son) a short 
vivid luminous ray (See Jig 1, Plate VI ) As the comet 
receded from the sun, the coma speedily disappeared, as if 
absorbed into the disk, which, on the other band, increased 
continually in dimensions, and that with such rapidity, that 
in the week elapsed from January 26th to February Ist 
(calculating from microraetncal measures, and from tho 
known distance of the comet from the earth on those 
days), the actual volume or reed solid content of the illumi 
nated space had dilated in the ratio of upward of 40 to 1 • 
And so it continued to swell out with undimmished rapid- 
ity, until, from tliia cause alone, it ceased to be visible, the 
illumiaatioo becoming fainter as the magnitude increased, 
till at length the outline became indistinguishable from 

' Oa thQ night ol the 22d of Jenusrf tho comet wm observed by if Bo^nts* 
Unski of BresUu as a ilar of the eixtb mairnuude a bright concenirated point, 
Which showed no disk with a Bit^ifylag power of 140 and that It acciially teas 
the comet he assured himsoU 1^ turning hla telescope the next night on tho 
place where he taw it (which I e had carofuiiy noted and registered) It was 
gone >rom bis observation it apjxwra then Uist at ITIt 60m if T at Crestan, 
Jan 23 the dlamnter of tho nucieua with Iw envelope was ngoroiisty nil at 
which mocnent, wliliin an hour one way w the other tho process of (onnanoa 
of tho eavolopo must have commoaoed. 
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Bunplo waTit ol light to tiaco it. Vriiile this increase o£ 
dimension proceeded, the Xorm of the disk passed, by 
gradual and successive additious to its length in the direc> 
tion opposite to the sun, to that of a paraboloid, as repre- 
sented in g, Jig. 1, Plate TI., the anterior curved portion 
preserving its planetary sharpness, but the base being faint 
and ill-dcilncd. It ia evident that had this process con- 
tinued with BuOlcient light to render the result visible, a 
tail would have been ultimately reproduced, but the in- 
crease of dimension being accompanied with diminution of 
brightness, a short, imperfect, and as it were rudimentary 
tail only was formed, visible ns such for a few nights to 
the naked eye, or in a low magnifying telescope, and that 
only when the comet itself had begun to fade afto> by 
reason of its increasing distance 

(C72 ) While the parabolic envelope was thus contin- 
ually dilating and growing fainter, the nucleas underwent 
little change, but the roy proceeding from it increased m 
length and comparative brightness, preserving all the time 
its direction along 'the axis of the paraboloid, and offering 
none of those irregular and capricious phenomena which 
characterized the jeta of light emitted anteriorly, previous 
to the perihelion If the office of those jets was to feed the 
tail, the converse office of conducting back its successively 
condensing matter to the nncleus would seem to be that of 
the ray now in question. By degrees this also faded, and 
the last appearance presented by the comet was that wbioh 
It offered at its first appearance in August, viz that of a 
small round nebnla with a bright point m or near the centre. 

(573 ) Besides the comet of Halley, several other of the 
great comets recorded in history have been surmised with 
more or less probability to return penodically, and therefore 
Astbosout— T ol XX— 3 
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to move IQ elongated ellipses around the sun Such is the 
great comet of 1680, whose period is estimated at 676 years, 
and which has been considered, with at least a high prtmd 
/acre probability, to be identical with a magnificent comet 
observed at Constantinople and in Palestine, and referred 
by contemporary historians, both European and Chinese, to 
the year A D 1106, with that of A D 6S1, which was seen 
at noonday close to the sun, with the comet of 43 B C , 
already spoken of as having appeared after the death of 
CsBsar, and which was also observed in the daytime, and 
finally with two other comets, mention of which occurs in 
the Sibylline Oracles, and in a passage of Homer, and 
which are referred, as well as the obscurity of chronology 
and the indications themselves will allow, to the years 618 
and 1194 B C It is to the assumed near approach of tbis 
comet to the earth about the time of the Deluge, that TV^his 
ton ascribed that overwhelming tide wave to whose agency 
his wild fancy ascribed that great catastrophe— a specula 
tion, It IS needless to remark, purely visionary These co 
incidences of time are certainly remarkable, especially when 
It IS considered how very rare are the appearances of comets 
of this class Professor Encke, however, has discussed, 
with all possible care, the observations recorded of the 
comet of 16S0, taking into consideration the perturbations 
of the planets (which are of trifling importance, by reason 
of the great inclination of its orbit to the ecliptic) and his 
calculations show that no elliptic orbit, with such a penod 
ns 576 years, is competent to represent them within any 
probable or even possible limits of error, the most probable 
penod assigned by them being 8814 Julian years Inde 
pvfffdiw.* this tferre tfny cmrtmwftinees re 

corded of the comet of A D 1105 incompatible with its 
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molioa m any orbit identical wtUi that of the comet of 16S0, 
so that the idea of referring all these phenomena to one and 
the same comet, however eeduemg, mast be reUnqaished 
(574 ) Another great comet, whose return about the jear 
1848 bad been considered by more than one eminent author 
ity in this department of astronomy'* highly probable, is 
that of 1556, to the terror of whose aspect some historians 
have attributed the abdication of the Emperor Charles V 
This comet is supposed to be identical with that of 1264, 
mentioned by many historians as a great comet, and ob 
served also in China — the conclusion in this case resting 
upon the coincidence of elements calcolaled on the obscr 
vations, such as they are, which have been recorded On 
the subject of this coincidcoce Mr Hind has entered into 
many elaborate calculations, the result of which is strongly 
in favor of the supposed identity This probability is fur 
ther increased by the fact of a comet, with a tail of 40* and 
a head bright enough to be visible after sunnse, hanng 
appeared lO A P 975 and of two others having been re 
corded by the Chinese annalists in A D S95 nnd 104 It 
IS true that if these be the same the mean period wonld 
be somewhat short of 292 years Bat the effect of planet 
ary perturbation might reconcile even greater differences, 
and though up to the time of our writing (1858) no such 
comet has yet been observed two or three years mast yet 
elapse, in the opinion of those beat competent to judge, 
before its retnrn must be considered hopele'^s 

(57o ) In 1661, 1632 1402, 1145 891 and 243 great com 
ets appeared — that of 1402 being bright enough to be seen 
at noonday A period of 129 years would conciliate all 
these appearances and sbonld have brought back the comet 


Pls^ Comdtognplu^ L 411, l>lande Astr S1B3 



486 


OXrrUNES of ASTRO^OMr 


in 1789 or 1790 (other circumstances agreeing) That no 
such comet was observed about that time is no proof that 
It did not return, since, owing to the situation of its orbit, 
had the perihelion passage taken place in July it might 
have escaped observation Mecbain, indeed, from in elab 
orate discussion of the observations of 1532 and 1661, came 
to the conclusion that these comets were not the same, but 
the elements assigned by Olbers to the earlier of them differ 
so widely from those of Mecham for the same comet on the 
one hand, and agree so well with those of the last named 
astronomer for the other,” that we are perhaps justified in 
regarding the question as not yet set at rest 

(576 ) We come now, however, to a class of comets of 
short period, respecting whose return there is no doubt, 
masnruch as two at least of them have been identified as 
having performed successive revolutions round the sun, 
have bad their return predicted already several times, and 
have on each occasion scrupulously kept to their appoint 
meats The first of these is the comet of EncLe, so called 
from Professor EncLe of Berlin, who first ascertained its 
periodical return It revolves in an ellipse of great excen 
tncity (though not comparable to that of Halley s) the 
plane of which is inclined at an angle of about IS** 22 to 
the plane of the ecliptic, and in the short period of 1211 
days, or about 8J years This remarkable discovery vas 
made on the occasion of its fourth recorded appearance, m 
1819 From the ellipse then calculated by EncLe its re 
turn in 1822 was predicted by him, and observed at Para 
matta m New South Wiles by M Itiimkcr, being iniisi 
ble in Europe since which it has been rcpredicted and 
reobserved in all the principal obseri Hones, both in the 
“ Soe BcbumAchcr « Catal Astroa Abl uidL i 
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northern and eonthern hemispheres, os a phenomenon of 
regular occurrence. 

(577.) On comparing the intervals between the succeasive 
perihelion passages of this comet, after allowing in the most 
careful and exact manner for ail the disturbances due to the 
actions of the planets, a very singular fact has come to 
light, viz that the periods are contmnallj diminishing, or, 
in other words, the mean distance- from the sun, or the 
major axis of the ellipse, dwindling by slow and regular 
degrees at the rate of about 0*-11178 per revolution. This 
is evidently the effect which would be produced by a re* 
siatance experienced by the comet from a very rare ethereal 
medium pervading the regions in which it moves', for such 
resistance, by diminishing its actual velocity, would dimin- 
ish also its centrifugal force, and tbos give the sun more 
power over it to draw it nearer. Accordingly this is the 
solution proposed by Encke, and at present generally re 
celved. Should this be really the case, it wvU, thetefore, 
probably fall oltimately mto the eun, should it not first be 
disspated altogether — a thing no way improbable, when the 
lightness of its materials is considered The considerations 
adduced at the end of art 670 would seem, however, to 
open out another possible explanation of the phenomenon 
in question, not necessarily leading to such a catastrophe. 

(578.) By mcasunng the apparent magnitude of this 
comet at different distances from the snn, and thence, 
from a knowledge of its actual distance from the earth 
at the time, concloding its real volume, it has been ascer* 
tamed to contract in balk ns it approaches to, and to ex- 
pand as it recedes from, that luminary, H. T alz, who was 
the first to notice this fact, accounts for it by supposing it 
to undergo a real compression or condensation of volume 
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arising from the pressure ah ethereal medium which he 
conceives to grow more dense in the sun’s neighborhood. 
But such a hypothesis is evidently inadmissible, since it 
would require us 'to assume -the exterior of the comet to 
be IQ the nature of a skin or bag impervious to the com- 
pressing medium. The phenomenon is analogous to the 
increase of dimension above described, 'as observed m the 
comet of Halley, when m the act of receding from the sun, 
and 18 doubtless referable to a similar cause, viz the alter 
nate conversion of evaporable matter into the states of visi 
ble cloud and invisible gas, by the alternating action of 
cold and heat. This comet has no tail, but offers to the 
view only a small ill defined nucleus, excentncally situated 
within a more or less elongated oval mass of vapo;^, being 
nearest to that vertex which is toward the sun. 

(579 ) Another comet of short period is that of Biela, 
so called from M Btela, of Josephstadt, who first arrived 
at this interesting conclusion on the occasion of its ‘appear- 
ance in 1826 It IS considered to be identical with comets 
which appeared in 1772, 1805, etc , and describes its ve^y 
excentnc ellipse about the sun in 2410 days, t»r about 
6| years, and in a plane locliued 12“ S4' to the ■ecliptic 
It appeared again, according to the prediction, in 1882 
and in 1846 Its orbit, by a remarkable coincidence, very 
nearly intersects that of the earth, and had the latter, at 
the time of Its passage m 1832, been a month in advance 
of its actual place, it would have passed through the 
comet — a singular rencontre, perhaps not unattended with 
danger.'* 

Should c&lculalion establidi the feet of e resisuiice experienced elao bjr 
•t’.vvfifiTCt,’ itiV*«-irtl|jecfut',«Tcoo'fcai'vWi®*it*-«»Trf'«Mimre"inr«sif*t)TQftr»r^ti?ffree 
of interest It cennot be donlited that insaf more mil be discovered, aod br 
tlielr rcsIaUQce questiooB will come to be decided, such ut) the following —What 
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(580 ) This comet is small aqd hardly visible tp the 
naked eye, even ^rhen linghtest Kevertheless, as if to 
make up ior its seeming insignificance by the interest 
attaching to it in a physical point of view, it exhibited, 
at Its appearance in 184b, a phenomenon which struck 
e\ery asttonoineT with amazement, as a thing without 
previous example in the history of oar system ** It was 
actually seen to separate it^lf into* two distinct comets, 
which, after thus parting company, continued to journey 
along amicably through an arc of upward of 70® of their 
appareut orbit, keeping all the while within the same field 
of view of the telescope pointed toward them The first 
lodicatioo of 'something unusual being about to take place 
might be, perhaps, referred to the Idth of December, 1845, 
when the comet appeared to Mr Hind pear shaped, the 
nebulosity being unduly elongated m a direction inclining 
porthward But on the ISth of January at Washington in 
America, and on the 15th and subsequently m every part 
of Europe it was distinctly seen to bare become doable, a 
Aery small and famt cometic body, having a nucleus of its 
own being observed appended to it, at a distance of about 


IS tbo law oI Sensity o( tho resist ag med um wh c! gumuads tbe sual la it 
kt rest or in mol ooT I( the latter in what d reel on docs it moreT C rcularly^ 
round the sun or trsrem og space? Kcrcularlj m nhAl plane? It sobro s 
that a c rculsr or rorl cose motion ol the eUier would cceelmle tome comets and 
retard other! accord a; os tbeir rerolnt on was relattre to such mot on direct 
or retrograde Suppos ngr the ne ghborhood o{ the suu to bo Sited w th a ms 
tenal Hu d it Is not conce Table that the c rculai on ol the plaoeis m it lor ages 
should not liare Impressed opon It some dogtee ol Total on in tl e.r ow direc- 
tion And this may preserre ll cm from the extreme effects of accumulated 
res stance ~\ott to *d t on e/'1833 

” Ferbsps not qn la so To eaj nothing ol a s n^Ur surmise ol Kepler 
that two purest cocncjs teen oace id ISIS m ght b« a eiugU comet eepnmted 
into two the follow ng passage of Uevel us cited by Af Llttrow (Kachr 56-1) 
does really seem to refer to some pbeoomenoa beano? at least » certs n analogy 
to t. In Ipso I ICO he ots (Cometograptua, p 32C) ^a(uor ref 
corpus cula ipisdom sWe & icleoe lel ttuo corpote al quanto dens ores oaten 
deban 
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2' (in ftTc) from its centre, and in a direction forming an 
angle of about 828® with the meridian, running northward 
from the principal or original comet (see art. 204) From 
this time the separation of the two comets went on pro* 
gressively, though slowly. On the 80th of January, the 
apparent distance of the nucleus had increased to 8', on 
the 7th of February to 4', and on the Igth to 6', and so 
on, until on the 6th of March the two comets were sepa- 
rated by an interval of P IP', the apparent direction of 
the line of junction all the while varying but little with 
respect to the parallel ** 

(681) During this separation, very remarkable changes 
were observed to be going on, both in th© original comet 
and its companion Both had nuclei^ both bad short tails^ 
parallel in direction, and nearly perpendicular to the line 
of junction, but whereas at its first observation on January 
18th, the new comet was extremely small aud faint in com- 
parison with the old, the difference both in point of light 
and apparent magnitude diminished On the 10th of Feb 
mary, they were nearly equal, although the day before the 
moonlight bad effaced the new one, leaving the other bnght 
enough to be well observed On the 14th and 16th, how- 
ever, the new comet bad gained a decided superiority of 
light over the old, presenting at the same time a sharp and 
starlike nucleus, compared by Dieut Maury to a diamond 
spark But this state of things was not to continue Al- 
ready, on the 18th, the old «oniet had regained its superi- 
ority, being nearly twice as bright as its tsompanion, and 
offering an unusually bright and starlike Uudens From 


Sj far tlie grsAter portion of thia IncreasB of apparent distance ira* doe 
o the comet'a Increased proiiaUj la the earth The real increase reduced to 
a diataoco •• 1 of the comet was at (be rate of about 3 pe^ 4,^^] 
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thi3 period the new compaiuon began to fade away, bat 
continued visible up to the IBth of March On the 24th 
the comet appeared again single, and on the 22d of April 
both bad disappeared 

(682 ) While this singular interchange of light was going 
forward, indications of some sort of communication between 
the comets were exhibited The new or companion comet, 
besides its tail, extending m a direction parallel to that of 
the other, threw out a faint arc of light which extended as 
a kind of bridge from the one to the other, and after the 
restoration of the original comet to its former pre eminence, 
it, on its part, threw forth additional rays, so as to present 
(on the 22d and 23d Febrnaiy) the appearance of a comet 
with three faint tails forming angles of about 120” with each 
other, one of which extended toward its companion 

(688 ) Professor Plautamonr, director of the observatory 
of Geneva, having investigated the orbits of both these 
comets as separate and independent bodies, from the exten 
sire and careful senes of observations made upon them, ar 
rired at the conclusion that the increase of distance between 
the two nuclei at feast rfurtny (Ac interval from February lOtA 
to Afarch 22(/ was siraply apparent, being due to the vana 
tiou of distance from the earth, and to the angle under which 
their line of junction presented itself to the nsnal ray, the 
real distance during all that interval (neglecting small frac 
tions) having been on an average about thirty nine limes the 
semidiameter of the earth, or less than two thirds the dis 
tance of the moon from its centre From this it would ap 
pear that already, at this distance, the two bodies bad ceaced 
to exercise anj perceptible amount of perturbative gravita 
♦j/vn vrt. vuthi ‘ithnn , aa ’nAwi fewi. wrin/ft 

ness of cometary masses we might reasonably expect It 
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miy well bo supposed that astronomers would not allow so 
remarkable a duplication to pass nnwatcbed at the next re* 
turn of the comet m 1862 In August and September of 
that year both nuclei were observed by Professor Ohallis at 
Cambndge, Secchi at Rome, and M Struve, presenting, as 
regards direction, the same relative situation with regard to 
each other, so that we have here the historical proof of a 
permanent addition to the members of our system taking 
place at a definite instant nuder our very eye ” (Plate VI 

M 2 ) 

(6&i ) A third comet, of short period, has been added to 
our list by M Faye, of the observatory of Pans, who de- 
tected it on the 22d of November, I84S A very few obser- 
vations sufficed to show that no parabola would satisfy the 
conditions of its motion, and that to represent them com- 
pletely, it was necessary to assign to it an elliptic orbit of 
very moderate excentncity The calculations of M Nicolai, 
subsequently revised and slightly corrected by M Lever- 
rier, have shown that an almost perfect representation of its 
motions during the whole period of its visibility would be 
afforded by assuming it to revolve in a penod of 2717' 68 (or 
somewhat less than 7* years) in an ellipse whose excentncity 
IS 0 55596, and inclination to (be ecliptic 11^ 22 81', and 
taking this for a basis of further calculation, and by means 
of these data and the other elements of the orbit estimating 
the effect of planetary perturbation during the revolution 
now in progress, ho fixed its next return to the perihelion 
for the 3J of April, 1851, with a probable error one way or 

''' Accord Dt; to (he elcme >te of ihia comet deduced bj U Santfni Ukmg 
into account a)j planetar/ poriurbat on jte Ivo heads ought to have passed their 
pftiSieMw .SIT ArrmciT- rr atn/ Atrenry ^ rwpcci’i'my iWd" ASr apprararrctf 
was anxiously and pcrseTcrmttly looked for but In rain, nor has any probabla 
cnuso been ass gned for its d ssppainvnce! 
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Other not exceeding one or two days. This prediction has 
been strikingly verified It actually passed its perihelion 
on the Ist of April, 1861, having been rediscovered by Pro 
fessor Chalhs at Cambridge in November, 1850, and fol 
lowed beyond the perihelion by M Otto Struve np to March 
4, 1851 

(585 ) The effect of planetary perturbation on the motion 
of comets has been more than once alluded to in what has 
been above said Without going minutely mto this part of 
the subject, which will be better understood after the perusal 
of a subsequent chapter, it must be obvious, that as the 
orbits of comets are very exceotnc, and inclined in “ill sorts 
of angles to the ecliptic, they must, in many instances if 
not actually intersect at least pass very near to the orbits of 
some of the planets We ba\e already seen, for instance, 
that the orbit of Biela s comet so nearly intersects that of 
the earth, that an actual collision is not impossible, and in 
deed (supposing neither orbit variable) must m all likelihood 
happen in the lapse of some millions of years Neither are 
instances wanting of comets having actually approached the 
earth withio comparatively short distances as that of 1770, 
which on the 1st of July of that year was within little more 
than seven times the moon’s distance The same comet, in 
17G7, passed Jupiter at a distance only one 58th of the radius 
of that planet s orbit, and it has been rendered extremely 
probable that it is to the disturbance its former orbit under 
went during that appulse that we owe its appearance within 
out own range of msiOd This exceedingly remarkable 
comet was found by Lexell to describe an elliptic orbit with 
an excentricity of 0 7858, with a periodic time of about five 
years and a ball, and in a ■pVane vtAj \° ■mc’nned to idie 
ecliptic, ha\iQg passed its penheliou on the 18th of August, 
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1770 Its wtorn of coarse was eagerly expected, but in 
vain, for the comet has never been certainly identified with 
any comet since seen Its observation on its first return in 
1776 was rendered impossible by the relative situations of 
the penhelvon and of the earth at the time, and before an 
other revolution could be accomplished (as has since been 
ascertained), \iz about the 23d of August, 1779, by a sin 
gular coincidence it again approached Jupiter within one 
491st part of its distance from the bud, being nearer to that 
planet by one fifth than its fourth satellite No wonder, 
therefore, that the planet’s attraction (which at that distance 
wonld exceed that of the snn in the proportion of at least 
200 to 1) should completely alter the orbit and deflect it into 
a curve, not one of whose elements would have the least 
resemblance to those of the ellipse of Lexell It is worthy of 
notice that by this rencontre with the system of Jupiter’s 
satellites, none of (heir motions suffered any perceptible de 
rangement— a sufficient proof of the smallness of its ma'>a. 
Jupiter, indeed, seems, by some strange fatality, to be con 
stantly in the way of comets, and to serve as a perpetual 
Btumbhng block to them 

(686) On the 22d of August, 1844, Signor de Vico, 
director of the observatory of the CoUegio Bomano, discov 
ered a comet, the motions of which, a very fev\ obseri ations 
sufficed to show, deviated remarkably from a parabolic orbit 
It passed its perihelion on the 2d of September, and contm 
ued to be observed until the 7lh of December. Elliptic elo 
ments of this comet, agreeing remarkably veil with each 
other, were accordingly calculated by several astronomers, 
from which it appears that the penod of revolution la about 
1990 days, or 51 (5 4357) yean, which (supposing its orbit 
undisturbed m the inloriin) would bring it back to the pen 
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helion on or about the 18th of Jaauary, 1850, ou vrhich occa 
8Jon, however, by reason of its nnfavorable situation with 
respect to the son and earth, it conid not be observed As 
the assemblage and comparison of these elements, thus com 
puted independently, will serve better, perhaps, than any 
other example, to afford the student an idea of the degree of 
arithmetical certainty capable of being attained in this 
branch of astronomy, difBcnlt and complex as the calcula 
tions themselves are, and liable to error as individtial obser 
vatiODs of a body so ill defined as the smaller comets are for 
the most part, we shall present them in a tabular form, as 
on the next page the elements being as usual, the time of 
peribelioQ passage, longitude of the peribehon, that of the 
ascending node, the lochnation to the ecliptic, semiaxis and 
exoentncity of the orbit, and the periodic time 

This comet, when brightest, was visible to the naked 
eye, and bad a email tail Xt is especially interesting to 
astronomers from the circumstance of its having been ren 
dered exceedingly probable by the researches of M Leier 
tier, that it is identical with one which appeared in 1678 
ivith some of its elements considerably changed by pertur 
batioo This comet la further remarkable, from having 
been concluded by Mc'^srs Laugier and Mauvais, to be idea 
tical with the comet of 1685 observed by Tjcho Brahe, and 
possibly also with those of 1743, 1768 and 1819 

(587 ) Elliptic elements Lave in like manner been as 
signed to the comet discovered by M Brorsen, on the 26th 
of Eebtuary, 1846, which, hke that last mentioned, speedily 
after its discovery began to show evident symptoms of de 
viation from a parabola These elements, with the names 
ol their respectiv e calcnlators, are as follows The dates are 
for February, 1846, Greenwich tune. 
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Oonp«t«d bjr 

Crensov 

nind. 

Van n HUniren 
and De llaan 

Penhelion 

Lon? of FenhehOQ 
hong of Jl. 

InchBaliOQ 

Scmiaxia 

Eiceatrici^ 

PcRod (days) 

2S4 37794 
116*38 34 0 
103 39 36 8 
30 (6 66 

3 160^1 

0 79363 
3043 

25* 33109 
116* 29 17 8 
102 45 20 9 
30 49 3 C 

3 12293 

0 197T1 
1016 

25* 02'’27 
11C*23 62 9 
103 31 25 7 
30 30 SO 2 

2 87052 

0 7T313 

1716 


This comet is faint, and presents nothing remarkable in 
Its appearance Its chief interest arises from tbe great simr 
lantj of Its ^arahohe elements to those of the comet of 1682, 
the place of the penhehoo and node, and tbe mchnation of 
the orbit, being almost identical 

(588 ) Elliptic elements have also been calculated bj M 
D Arrest, for a comet discovered by U Peters, on the 26tb 
of Jane, 1846, which go to assign it a place among the com 
ets of short period, viz 6801* 3 or very nearly 16 years 
Tbe excentncity of the orbit is 0 75672 its scmi&xis 6 32066, 
and tbe inclination of its plane to that of the ecliptic 31° 
2 14' This comet passed its penhelion on the Ist of June, 
1846 

(589 ) By far the most remarkable comet, however which 
has been seen during the present centnry is that which ap 
peared in the spnng of 1843, and whose tail became visible 
in the twilight of the 17ib of March in England as a great 
beam of oebaloas light, extending from a point above the 
westem.horizon, through the stars of Eridanus and Lepns, 
under the belt of Orion Tins situation wis low and un 
favorable, and it was not till the 19th that the head was 
seen and then only as a faint and ill defined nebula, very 
rapidly fading on snbseqoent nights In more southern 
latitudes, however, not only the tail was seen, as a magnifi 
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cent tram of light extending 60* or 60* m length, hut the 
head and nucleus appeared with extraordinary splendor, 
exciting m every country where it was seen the greatest 
astonishment and admiration Indeed, all descriptions agree 
in representing it as a stupendous spectacle, such ns in 
superstitious ages would not fail to have earned terror 
into every bosom In tropical latitudes m the northern 
hemisphere, the tail appeared on the 8d of March, and m 
Van Diemen's Land, so early as the Ist, the comet having 
passed its perihelion on the 27th of February Already on 
the Sd the head was so far disengaged from the immediate 
vicinity of the sun, as to appear for a short time abo\e the 
horizon after sunset On this day when viewed through a 
46 inch achromatic telescope it presented a planetary disk, 
from which ra^s emerged in the direction of the tail The 
tail was double, consisting of two principal lateral streamers, 
making a very small angle with each other, and divided by 
a comparatively dark line of the estimated length of 25", 
prolonged however on the north side by a divergent 
streamer, making an angle of 6" or 6* with the general 
direction of the axis, and traceable as far os 65" from the 
head A similar though fainter lateral prolongation ap 
peared on the «outh side A fine drawing of it of this 
date by C P Sm>tb, E'M| , of the Doyal Observatory, 

C G II , represents it aS highly symmetrica?, and gives t/io 
idea of a Mvid cone of light, with a dark axis, and nearly 
rectilinear sides inclosed in a fainter cone, tbn sides of 
which curve slightly ouiwanl The light of the nucleus at 
this period is compared to that of n star of the first or second 
magnitude, and on tho 11th, of the third, from winch time 
It degraded m light so rapidly, that on tlio lOlh it was in 
Msiblo to the naked c^e, the tail all the while continuing 
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tnlliantly visible, though much more so at a distance from 
the nucleus, with which, indeed, its connection was not 
then obvious to the una«ssisted sight — a singular feature 
in the history of this body The tail, subsequent to the 
8(1, was generally speaking a smgle straight or slightly 
curved broad band of light, but on the 11th it is recorded 
by IXr Olenhew, who observed it at Calcutta, to have shot 
forth a lateral tail nearly twice as long as the regular one 
but fainter, and making an angle of about 18® with its direo 
tion on the southern side The projection of this ray (which 
was not seen either before or after the day in question) to so 
enormous a length (nearly 100") in a single day conveys an 
impression of the intensity of the forces acting to produce 
such a velocity of material transfer through space, such as 
no other natural phenomenon is capable of exciting It is 
clear that if ire hat.« to dtal here with matter, such os tre con 
ceae it, viz powessinj inertia— at aW, it must be under the 
domimon of forces incomparably more energetic than gravi 
tation, and of quite a different nature 

(590 ) There is abundant evidence of the comet in ques 
tion having been seen in full daylight and in the sun s 
immediate vicinity It was so seen on the 28tb of Febmary, 
the day after its perihelion passage, by every person on 
board the n E 1 C S ‘Owen Olendower, then off the 
Cape, as a short dagger hke object close to the sun a little 
before sunset On the same day at 8‘ 6" P M , and conse 
quently m full sunshine, the distance of the nucleus from 
the sun was actually measured with a sextant by Mr Clarke 
of Portland, United States the distance centre from centre 
being then only 8° 50 43' He describes it m the following 
termi “The nucleus and also every part of the tail were 
as well defined as the moon on a clear day The nucleus 
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and tail boro tho same appearance, and resembled a perfectly 
pure white cloud without any variation, except a slight 
change near tho bead, just safilcicnt to distinguish the 
nucleus from tho tail at that point ’* The denseness of the 
nucleus was so considerable, that Mr Clarke had no doubt 
It might have been visible upon tho sun’s disk, had it passed 
hetwcon that and the observer The length of tho visible 
tail resulting from these measures was 69 or not fir from 
double tho apparent diameter of tlie sun, and as we shall 
presently seo that on the diy tn question the distance from 
the earth of the sun and comet must have been very nearly 
equal, this gives us about 1700000 miles for the linear 
dimensions of this the densest portion of that appendage, 
making no allowance for the foreshortening, which at that 
time was very considerable 

(591 ) The elements of this comet are among the most 
remarkable of any recorded They have been calculated by 
several eminent astronomers, among whose results we shall 
specify only those which agree best, the earlier attempts to 
compute its path having been rendered uncertain bj the 
difficulty attending exact observations of it in the first part 
of Its visible career The following are those which seem 
entitled to most confidence 



(592 ) "What renders these elements so remarkable is the 
smallness o' the perihelion distance Of all comets which 
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have teen recorded this baa made the nearest approach to 
the-aun The sun’s radius being the sine of his apparent 
‘scmidiameter (16 1') to a radius equal to the earth’s mean 
distance = 1, is represented on that scale by 0 00466, which 
falls short of 0 00534, the perihelion distance found by 
taking a mean of all the foregoing results, by onl^ 0 OOObS, 
or about one seventh of iia a hole magnitude The eomet, 
therefore, approached the luminous surface of the sun withm 
about a seventh part of the sun’s radius I It is worth uhtlo 
to consider what is implied m each a fact In the Srst 
place, the intensity both of the light and radiant heat of 
the sun at different distances from that luminary increase 
proportionally to the apbencal area of the portion of the 
visible hemisphere covered by the sun s disk This disk, 
in the case of the earth, at its mean distance has an angular 
diameter of 82 I* 1 At our comet in penhelio the ap 
parent angular diameter of the sun was no less than 121^ 
82 The ratio of the spherical surfaces thus occupied (as 
appears from spherical geometry) is that of the squares of 
the sines of the fourth parts of these angles to each other, 
or that of 1 47042 And in this proportion are to each 
other the amounts of light and beat thrown by the sun on 
an equal area of exposed surface on our earth and at the 
comet in equal instants of time Let any one imagine 
the effect of so fierce a glare as that of 47000 suns such 
as we expeneuee the warmth of, on the materials of which 
the earth’s surface is composed To form some practical 
idea of It we may compare it with what is recorded of 
Parkers great lens, whose duimeter was 82J inches, and; 
focal length six feet eight inches The effect of this, 8up| 
posing all the bght and heat transmitted, and the fc 
concentration perfect (both conditions very imperfectly 
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satHflcd), ^oq]< 1 bo to enlarge tbo sun s ciTectiv'O angular 
clmmcttr to 23® 26 , which, compared on the same principle 
with a sun of 32 in diameter, would give a multiplier of 
onl) 1916 and when increased aevenfold (ns was usually the 
case) bj interposing a concentrating lens, 18405 instead of 
47000 The heat to which the comet was subjected there 
fore surpassed that in the focus of the lens id question, on 
the loaest calculation in the proportion of 24J to 1 without 
or S, to 1 with the couccatrating lens Yet that Jens, so 
used melted cartichan, agate, and rock crystall 

(o93 ) To this extremity of heat however the comet was 
exposed but for a short time Its actual velocity m pen 
hclio was no less than 866 miles per second, and the whole 
of that scgnicut of its orbit nboie (i « north of) the plane of 
the eohptio and m which, as will appear from a considera 
tion of the elements the perihelion was situated, was de 
scribed m little more than two hours such being the whole 
duration of the time from the ascending to the descending 
node or in which the comet bad north latitude Arrived 
at the descending node its distance from the sun would be 
already doubled and the radiation reduced to one fourth 
of Its maximum amount The comet of 1680 whose pen 
helioQ distance was 0 0062 and which therefore approached 
the sun s surface within one third part of bis radius (more 
than doable the distance of the comet now in question) was 
computed by Newton to have been subjected to an intensity 
of beat 2000 times that of red hot iron — a term of comparison 
indeed of a very vague d^cnption and whioh modem 
thermotics do not recognize as affording a legitimate 
measure of radiant heat. ‘ 

* A trans t oi the comet ot 1843 over tbe sua b disk mast probably hace 
takea place shorllf after its paassge throagh ts desce d ng code It $ greatly 
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(594) Although soHie of the ob9cr\ation3 of this comet 
were \aguc and inaccurate, yet there seem good grounds for 
believing that its whole course cannot be tccontilcd with 
a parabolic orbit, and that it really describes an ellipse 
Previous to any calculation, it was remarived that m the 
year 1663 the tail of an immense comet was seen in Lisbon, 
at Bologna, in Brazil, and elsewhere, occupying nearly the 
same situation among the stars, and at the same season of 
the year, \iz on the 6th of March and tho following days 
Its brightness was such that its reOccted trace was easily 
distinguished on the sea The head, when it at length came 
in sight, was comparatively faint and scarce discernible 
precise obsenations were made of tins comet, but the 
singular coincidence of situation, season of the year, and 
physical resemblance, excited a strong suspicion of tho 
identity of the two bodies, implying a period of 175 years 
a dai/ or live more or less This suspicion has been 
converted almost into a certainty by a careful examination 
of what 18 recorded of the older comet Locating on a 
celestial chart the situation of the bead, conclndcd from 
the direction and appearance of the tail, when only that 
was seen, and its visible place when mentioned according 
to>tbe descriptions given, it has been found practicable to 
derive a rough orbit from the course thus laid down and 
this agrees in all its features so well with that of the modern 
comet as nearly to remove all doubt on the subject Comets, 
moreover, are recorded to have been seen in A D 268 442- 


to be re(;rettcd that se intercvfanv a phenomenon eho id have paased unob 
aerrod W1 ether ii be possible that eonie ofleet of its tall darted oS eo late 
as tho Tib of Ifarch wt en tl e comet was already far south of the ocl pt c. 
should hsTe crossed that plane and been seen near the Pleiades ma^ be 
doubted Certain U U that on the oven ng of that daj- a dccidcdip comet c 
ray «<M seen In the Iramed ate neighborhood of those stars by Mr Nasmyth. 
(Aat. &C. Notices roL T p 310 } 
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43 791, 968, 1143, 1317, 1494, which maj have been returns 
of this, since the period above mentioned would bring round 
Its appearance to the years 268, 443, 618, 793, 968, 1143, 
1818, and 1493, and a certain latitude must always be 
allowed for unknown perturbations 

(695 ) But this is not the only comet on record whose 
identity with the comet of 43 has been maintained In 
1689 a comet bearing a considerable resemblance to it was 
observed from the 8th to the 23d of December, and from the 
few and rudely observed places recorded, its elements had 
been calculated by PingtiS, one of the most diligent loqutr 
ers into this part of astronomy *’ From these it appears 
that the perihelion distance of that comet was very remark 
abl} small, and a sufEcient though indeed rough oowici 
dence in the places of the penbehon and node tended to 
corroborate the suspicion But the inclination (69”) ns 
signed to it by Pingrd appeared conclusive against it. On 
recomputing the elements, liowo\or, from his data, Profe<«or 
Pierce has assigned to that comet an inclination widely dit 
fering from Pingrd's, viz SO” 4,'* and quite within reason 
able limits of resemblance But bow docs this agree with 
the longer period of 176 year* before assigned? To rccon* 
Clio this we must suppose that these 176 j cars comprise at 
least eight returns of the comet, ond that in effect a mean 
period of 21' 876 must bo allowcil for its return Now it is 


" Author of tlo OomilOfrnphir* « work lod to alt who would 

•tudr (h s Inirrviitiair d^purtmcat of «cl«aoe 

” United Oawlw 1813 Coo»ldirinp ilnt nil the olwem 

tv3n« I e nror thedeeceodln^ node ol U eorMt U e pruxlmltr of the comet At that 
tine to the eue eud tl e liXMe net re of the recorded olterretlont, no doubt 
AlmiMi mnj ^ren (oellntUon be ded ced from them The true teat In 

•uc' rmeoi le eot to aecesd trom th« old Jneerrect deU in elemratr but to 
dwrcA lrs»a tcMora tertsi'R ejacaaiw* t» cAirt 
whrtVer the recorded phenomeoi c*a l>e rfp r raented by them (perturletlora 
Inrloded) wfthlo £ilr Ltaln of lolerf^Utton Poch l> the cotirae purt iM 
by Cleoscn. 
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worth remarking that this period calcalated backward from 
1843‘166 will bring us upon a series of years remarkable for 
the appearance of great comets, many of which, as well as 
the imperfect descriptions we hare of their appearance and 
situation in the heavens, offer at least no obvious contradic- 
tion to the supposition of their identity with this. Besides 
those already mentioned as indicated by the period of 176 
years, we may specify as probable or possible intermediate 
returns, those of the comets of 1733?'*, 1689 above men- 
tioned, 1559?, 1637,” 1616,” 1471, 1426, 1405-6, 1383, 1861, 
1S40,” 1296, 1274, 1230,” 1208, 1098, 1056, 1034, 1012,” 
990?,” 925?, 858? ?, 684,” 652, 630,” 421, 245 or 247,” 180”, 
168 Should this view of the subject be the true one, we 
may expect its return about the end of 1864 or beginning of 
1863, in which event it will be observable in the Southern 
Hemisphere both before and after its peribehon passage.” 

(596 ) H. Clausen, from the assemblage of all the obser- 


■' P Fau&go 1733 781 Tba gresl aoutbern comet of Maj 17tli seems loo 
earlj tn the year 

F P 1536 90G In January 1537. a comet waa seen Id Pisces 
P. P 1515 03l A comet predicted the death of Pe^mand the Cathoirc. 
He died Jan 23,1515 

” F P. 1340 031 Endently a eoDtheni comet, and a very probable ap 
pearance. 

** P P 1230 GSS, was perhaps a return of Halley'e 

P P 1011 906 In 1012, a very great comet in the southern part of the 
hearene “Son dclat bleesait Ice yeux '* (Pingro Com^tographie, from whom 
all these recorded appearances are taken ) 

” P P. 990 031 "Com^te fort ^pouvantable,'* tame year between 989 
and 993 

" P. P €33 73l In €34, appeared two or three comets Dates begin 
to be obscure 

Two distinct comets appeared in 630 and 631 the former observed m 
China, the latter in Europe 

« P P 246 281, both aoutbern comets of the Chinese annals The year 
of one or other may bo wrong 

” P P 180 65C Not 6. A P 180 A aoutbern comet of the Chinese 
annals. 

“ Clausen, Astron Nschr No 415 Mr Cooper’s remarks on this comet 
in bis Catalogue of Comets (notes p xnii ) go to assign by far the greatest 
weight of probsbilii) to a period of 36 irloi this comet. 
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vations of this comet known to him, has calculated elliptic 
elements which give the extraordinarily short period of 6 38 
years And in effect it has been suggested that a still fur 
ther subdivision of the penod of 21 876 into three of 7 292 
years would reconcile this with other rer&arkable comets 
This seems going too far, but at all events the possibility of 
representing its motions by so short an elhpse will easily 
reconcile us to the admission of a period of 21 years That 
it should only be visible m certain apparitions, and not in 
others, is sufficiently explained by the situation of its orbit. 

(697 ) We have been somewhat diffuse on the subject of 
this comet, for the sake of showing the degree and kind of 
interest which attaches to cometic astronomy in the present 
State of the science In fact, there is do branch of astron* 
omy more replete with interest, and we may add more 
eagerly pursued at present, inasmuch as the hold which 
exact calculation gives us on it may be regarded as com 
pletely established, so that whatever may be coDcluded as 
to the motions of any comet which shall henceforward come 
to be observed, will be concluded on sure grounds and with 
numerical precision, while the improvements which have 
been introduced into the calculation of cometary perturba 
tion, and the daily increasing familiarity of nomerous as 
tronomers with computations of this nature, enable us to 
trace their past and future history with a certainty, which 
at the commencement of the present century could hardly 
have been looked upon as attainable Every comet newly 
discovered is at once subjected to the ordeal of a most ngor- 
ous inquiry Its elements, roughly calculated within a few 
days of its appearance, are gradually approximated to ns ob 
servations accumnlate, by a maltitnilo of ardent and expert 
computiats On the least indication of a deviation from a 
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parabolic orbit, its elliptic elemeDts become a subject of 
uuirersal and lively interest and discussion Old records 
are ransacked, and old observations reduced, with all tho 
advantage of iinpro\ed data and methods, so as to rescue 
from oblivion the orbits of ancient comets which present 
any similarity to that of the new visitor The distarbances 
undergone in the interval by the action of the planets are 
investigated, and the past, thus brought into unbroken con 
nectiQU with the prescat, ts made to afford sabstantial 
ground for prediction of the future A great impulse 
meanwhile has been given of late years to the discovery 
of comets by the establishment m 1S40 ** by his late Maj 
csty the King of Denmark, of a prize medal to be awarded 
for every such dlsco^ ery to tho hrst observer (the iDduence 
of which may be most unequivocally traced in the great 
number of these bodies which ever> successive yeai sees 
added to our list) and by the circulation of notices, by ape 
cial letter," of every such discovery (accompanied when 
possible, by au ephemens) to all observers who have shown 
that they lake an interest in the inquiry bo as to insure the 
full and complete observation of the new comet so long as 
U remains within the reach of our telescopes Among the 
observers who have been most successful in the discovery 
of comets, we find no less than 29 discovered by Pons 14 
by Messier, and 10 by M^chain, 8 by Dc Vico 8 by Miss O 
Ilerschel — who, however js not the only female observer of 
these bodies, the comet of 1847 having been independently 
detected by two ladies, Miss Mana Mitchell of Nantucket, 


*'■ 'li«e fne &DDO nMmcQt ol (hs'lnstitat onla Aiitron 'jSKctir *Ao 400 
" Sj the late Frol Scbuinscher D rector of U e Pornl Ob^ccTiuorf of 
Alioca. 
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U S , and Madame Bumker, of Hamburg, the pnontj Ijing 
with the American astronomess 

(593 ) It IS bj no means merely as a subject of antiqua 
nan interest, or on account of the brilliant spectacle which 
comets occasionally afford, that astronomers attach a high 
degree of importance to all that regards them Apart even 
from the singularity and mystery which appertains to their 
physical constitution, they have become, through the me 
dium of exact calculation, unexpected instruments of in 
quiry into points connected with the planetary system itself, 
of no small importance "We have seen that the movements 
of the comet Encke, thus minutely and persevenngly traced 
by the eminent 'tstronomer whose name is used to distin 
guish It, fans afforded ground for believing lo the presence 
of a resisting medium ffllmg the whole of our system Stmi 
Inr inquiries, prosecuted lo the cases of other periodical 
comets, will extend confirm or modify our conclusions on 
this head The perturbations, too which comets cxpenonco 
15 passing near any of the planets may afford, and have 
affoided information as to the magnitude of the disturbing 
masses which could not well be otherwise obtained Thus 
the approach of this comet to the planet Mercury m 1838 
afforded an estimation of the mass of that planet the more 
precious by reason of the great uncertainty under which all 
previous determinations of that element labored Its ap 
proach to the same planet m the year 1848 was still nearer 
On tlie 22d of Kov ember tbcir mutual distance was only iif 
teen timei the moon s distince from the earth 

(699 ) It is, however in a physical point of view that 
these bodies offer the greatest stimulus to our curiosity 
There is beyond question, some profound secret and mys 
tcry of nature concerned in the phenomenon of their 'tails 
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Perhaps it is not too much to hope t\iat future observation, 
borrovnng every aid from rational speculation, grounded on 
the progress of physical science generally (especially those 
branches of it which relate to the ethereal or imponderable 
elements), may erelong enable us to penetrate this mjstery, 
and to declare whether it is really mutter in the ordinary ac 
ceptation of the term which is projected from their heads 
with such extravagant velocity, and if not impelled, at least 
directed in its course by a reference to the sun, as its point 
of avoidance In no respect is the question as to the mate 
nality of the tail more forcibly pressed on us for considera 
tion, than m that of the enormons sweep which it makes 
round the sun in periUelto, in the manner of a straight and 
rigid rod, in defiance of the law of gravitation, nay, even of 
the received laws of motion extending (as we have seen in 
the comets of 1680 and 1&13) from near the sun s surface to 
the earth’s orbit, yet whirled round unbroken in the latter 
case through an angle of 180° id little more than two hours 
It seems utterly incredible that in snch a case it is one and 
the same material object which is thus brandished If there 
could be conceived such a thing as a negative thadow, a mo 
mentary impression made upon the lumimferons ether be 
hind the comet, this would represent in some degree the 
conception such a pheDomenoo irresistibly calls up But 
this IS not all Even snch an extraordinary excitement of 
the ether, conceive it as we will, will afford no account of 
the projection of lateral streamers, of the effusion of light 
from the nucleus o! a comet toward the sun, and its subse 
quent rejection, of the irregular and capricious mode in 
which that effusion has beea seea to take place, none of the 
clear indications of alternate evaporation and condensation 
going on in the immense regions of space occupied by the 
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tail anti coma — none, in short, of innumerable other facts 
which link themselves with almost equally irresistible 
cogency to our ordinary notions of matter and force 

(COO ) The great number of comets which appear to move 
in parabolic orbits, or orbits at least indistinguishable from 
parabolas during their description of that comparatively 
small part within the range of their visibility to us, has 
given rise to an impression that they are bodies extraneous 
to our system, wandering through space, and merely yield 
ing a local and temporary obedience to its laws during their 
sojourn What truth there may bo in this view, we may 
never have satisfactory grounds for deciding On such a 
hypothesis, our elliptic comets owe their permanent deni 
zenship within the sphere of the sun’s predominaut attrao 
tioQ to the action of one or other of the planets near which 
they may have passed, in such a manner as to diminish their 
velocity, and render it compatible with elliptic motion ” A 
similar cause acting the other way might with equal proba 
bihty give rise to a hyperbolic motion But whereas lo the 
former case the comet would remain in the system, and 
might make an indefinite number of revolutions, in the lat 
ter it would return no more This may possibly be the 
cause of the exceedingly rare occurrence of a hyperbolic 
comet as compared with elliptic ones 

(601 ) All the planets without exception, and almost 
all the satellites circulate in one direction Retrograde 
comets, however, are of very c\)mmon occurrence, which 
certainly would go to assign them an exterior or at least 
an independent origin Laplace, from a consideration of 
all the cometary orbits known in the earlier part of the 


Tho veloc tf in an ellipse U aliraje than In a parabola at equal 
dlatancea from the sus, lu a bjporbola ^wa^s greater 
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present century, concluded, that the mean or average eitu* 
ftttoa o£ the planes q£ all the cometary orbits, with respect 
to the ecliptic, was so nearly that of perpendicularity, as 
to afford no presumption of any cause biasing their direc 
tions in this respect Yet we think it worth noticing that 
among the comets which are ns yet known to describe 
elliptic orbits, not one whose inclination is nnder 17* is 
retrograde, and that ont of thirty six comets which have 
had elliptic elements assigned to them, whether of greit or 
email excentricities, and withont any limit of inclination, 
only five are retrograde, and of these, only two, viz Hal 
ley’s and the great comet of 1843, can be regarded as satis 
faotonly made ont Finally, of the 125 comets whose ele 
ments are given in the collection of Schomnoher and Olbers, 
up to 1823, the number of retrograde comets under 10* of 
inclination is only 2 out of 9, and under 20* 7 out of 28 " 
A plane of motion, therefore, nearly coincident with the 
ecliptic, and a periodical return, are circumstances emt 
nently favorable to direct revolution in the cometary as 
they are decisive among the planetary orbits [Here also 
we may notice a very curious remark of Mr Hind {Ast 
Nacbr No 724), respecting periodic comets viz that so 
far as at present known, they divide themselves for the 
most part into two families — the one having periods of 
about 76 years, corresponding to a mean distance about 
that of Uranus, the other corresponding more nearly with 
those of the asteroids, and with a mean distance between 
these small planets and Jupiter The former group con 
sists of four rnembers, Hallo’s comet revolving in 76 j ears 
QUft Qlhesz wl Z-l Be V tco’e 4lJi dfiis/A ’.i 

** So In ed t on of 18S0 See however Appoudiz Table IV for a more 
recent view of theae atatiatical psrticulan. 
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78, and Brorsen’s 8d in 76 respectively Examples of the 
latter group are to be seen in App Table IT. at the end 
of this volume ] 

We may add, too, a marked tendency in the major axes 
of periodical comets to group themselves about a certain 
determinate direction in space, that is to say, a line point 
mg to the sphere of the fixed stars northward to 70° long, 
and 30° N lat or nearly toward the star I Persei (m the 
Milky Way), and in the southern to a point (also in the 
Milky Way) diametrically opposite (Ast Nachr No 853) 

(601 a ) The third great comet of the present century 
(those of 1811 and 1843 being the other two) appeared from 
June 2, 1858 to January, 1859, being known as Donati’s 
comet, from its first discoverer Its head was remarkably 
brilliant, and its tail, like a vast aiffrelie or gracefully 
curved plume, extended, when longest, over a space of 
upward of 80° Its curvature was \cry marked, deflecting 
toward the region quitted by the comet, os if left behind 
(no proof as generally supposed, of any resislance experi 
enced in its motion, but a necessary consequence of the 
combination of its impulse outward from the sun with the 
proper velocity of the comet at the moment of its emission) 
The American observers speak of two long narrow, per 
fectly straight rays of faint light, tangents to the limiting 
curves of the aigrette at its quitting the head The phe 
nomena of the nucleus under high magnifying powers were 
very complex and remarkable In each of the years 1801, 
1862, appeared great comets that of 1861 through, or very 
near whose tail the earth passed on the SOth of Jjine, was 
remarkable for the great length and straightness of one side 
of Its taif that of ISO!? for the high coiiiftnsation of the 
nucleus and of the single jet issuing from it 
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PAIiT II 

OF TUZ H3K\.n A\I> rLK^iFTAltY PEnWIlBATJORS 

«b lotepro izcionim n&scftur ordo Viso PoUiO 

CHAPTER XII 

Eobject Propou lOcJ— Problem of TIitM Bodies — Supcrpotltloa of Bmall 
Uotions^f^uni&tioR of the Disturbioj^ Foreo— Its OMnetriesl Kep- 
mcBLitiaa — Kiimencsl I»tiii>euon In Psrticul&r Csies— Besotulioa 
bto IlccUngubir Cotoponenu — lUd s} Trsnsrersa) end Orlbogons} 
SiiitirliRS Porcce— Vormal end Tsngeotisl^Thelr Cbarsctemde £f 
fects— I ffoeit of the Onbo^onal Force— Uotion of the iiodes— Con 
dmons of Uicir Adnnce sod Receee— Cues of an Exterior Plunet 
Duturbed b/ an Interior— Tbe HeTorso Case— In Pror^ Case tbe 
Koda of tbe Delurbed Orbit Recedes on tbe Flsoe of tbe Piaturb 
bg on an Average — Combined Effect of Msnr 8ucb D siurbnncee— 
UoMon of the Uooii'a Aodee— Cbssge of IncI nation— CoediUone of 
its locrcMo and Dintnvtion — Average ESoct m a tThole Revolution 
— CompenMUoa in a Complete Revolution of tbe Nodes — Lagrange’s 
Tbeorem of tho Subiitt/ Of tbe IndiDstions of the Planetar/ Orbits 
— Change of Obliquii/ of the Eclipbc— Frcccssion of the Equinoxes 
Explained— Nutation— Prinople of Forced Vibrations 

(602 ) In the progress of this work, we have more tbarf 
once called the reader’s attention to the eziatcnce of in 
equalities to the lanar and planetary motions not included 
in the expression of Kepler's laws, but in some sort supple 
mentary to them, and of an order so far subordinate to those 
leading features of the celestial movements, as to require, 
for their detection, nicer observations, and longer continued 
comparison between facts and theories, than suflice for tbe 
establishment and vcnhcation of the elliptic theory These 
inequaCiUes are J.tiown, m phyaicai astronomy, 6y the name 
of perturhations They arise, in tbe case of the primary 
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planets, from the mutual gravitations of these planets to 
•ward each other, whioh derange their elliptic motions round 
the sun, and in that of the secondaries partly from the 
mutual gravitation of the secondaries of the same system 
similarly deranging their elliptic motions round their com 
mon primary, and partly from the unequal attraction of 
the sun and planets on them and on their primary These 
perturbations, although small, and, in most instances, in 
sensible in short intervals of time, yet when accumulated, 
as some of them may become, in the lapse of ages, alter 
very greatly the original elliptic relations, so as to render 
the same elements of the planetary orbits which at one 
epoch represented perfectly well their movements, made 
quate and unsatisfactory after long intervals of time 

(60S ) When Newton first reasoned bis way from the 
broad features of the celestial motions up to the law of 
universal gravitation as affecting all matter, and rendenag 
every particle m the universe subject to the infiuence of 
every other he was not unaware of the modifications which 
this generalization would luduce upon the results of n more 
partial and limited ipphcation of the same law to the revjj 
lutions of the planets about the sun and the satellites about 
their primaries as their only centres of attraction So far 
from it, bis extraordinary sagacity enabled him to perceive 
very distinctly bow several of the most important of the 
lunar inequalities take their origin, in this more general 
way of conceiving the agency of the attracts e power, espe 
cially the retrograde motion of the nodes, and the direct 
revolution of the apsides of her orbit And if be did not 
extend bis investigations to the mutual perturbations of the 
planets, it was not for want of perceiving that such pertur 
bations must exist, and might go the length of producing 
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great derangements from the actnal state of the sjetem, but 
\ra3 owing to the then undeveloped state of the practical 
part of astronomy, which had not yet attained the precision 
requisite to make such an attempt inviting, or indeed fcasi 
hie "What Newton left undone, however, his successors 
have accomplished, and, at this day, it is hardly too much 
to assert that there is not a single pertnrbation, great or 
small, which observation has become precise enough clearly 
to detect and place in evidence which has not been traced 
up to its origin in the mutual gravitation of the parts 
of our system, and minutely accounted for, in its numeri 
cal amount and value, by strict calculation on Newton’s 
principles 

(604) Calculations of this nature require a very high 
analysis for their successful performance, such os is far 
beyond the scope and object of this work to attempt e: 
hibiting The reader who would master them must prepare 
himself for the undertaking by an extensive course of pre 
paratory study, and must ascend by steps which we must 
not here even digress to point out It will be our object, 
in this chapter, however to give some general insight into 
the nature and manner of operation of the acting forces, 
and to point out what are the circumstauces which, in some 
cases, give them a high degree of efficiency — a sort of pier 
chase on the balance of the system, while, in others, with 
no less amount of intensity, their efieclive agency in pro 
dueing extensive and lasting changes is compensated or 
rendered abortive, as well as to explain the nature of 
those admirable results respecting the stability of our sys 
tern, to which the researches of geometers have conducted 

of great simplicity and elegance, involve the history of the 
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past and fntare state of tho planetary orbits danng ages 
of ^rhicb, contemplating the enbject in this point of netr, 
Tre neither perceive the beginning nor the end 

(605) "Were there no other bodies in the universe but 
the son and one planet, tho latter would desenbe an exact 
ellipse about the former (or both round their common cen 
tre of gravity), and continue to perform its revolutions in 
one and tho same orbit forever, bnt the moment we add 
to our combination a third body, the attraction of this will 
draw both the former bodies out of their mutual orbits, 
and, by acting on them unequally, will disturb their rela* 
tion to each other, and put an end to the rigorous and 
mathematical exactness of their elliptic motious, not ouly 
about a dxed point in space, but about one another From 
this way of propounding the subject, we see that it is not 
the whole attraction of the newly introduced body which 
produces perturbation, but the difference of its attractions 
on the two originally present 

(606 ) Compared to the sun, all the planets are of ex 
treme minuteness the mass of Jupiter, the greatest of them 
all, being not more than about one llOOtb part that of the 
sun Their attractions on each other, therefore, are all 
very feeble, compared with the presiding central power, 
and the effects of their disturbing forces are proportionally 
minute In the case of the sevondanes, the chief agent by 
which their motions are deranged is the sun itself, whose 
mass IS indeed great, but whose disturbing influence is im 
mensely diminished by their near proximity to tbeir pnma 
nea, compared to their distances from the sun, which ren 
ders the difference of attractions on both extremely small, 
compared to the whole amount In this case the greatest 
part of the sun s attraction, viz that which is common to 
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both, IS exerted to retain both pnmarj and secondary in 
their common orhit nbont itself, and prevent their parting 
company Only the small overplus of force on one as com 
pared with the other acts os a disturbing power The 
mean value of this overplus, in the case of the moon dis 
turbed by the sun, is calculated by Newton to amount to 
no higher a fraction than of gravity at the earth’s sur 
face, or m of the principal force which retains the moon in 
Its orbit 

(607 ) "From this extreme minuteness of the intensities 
of the disturbing, compared to the principal forces and the 
consequent smallness of their momentary effects it happens 
that we can estimate each of these effects separately, as if 
the others did not take place, without fear of inducing error 
in OUT conclusions beyond the Unuts necessarily incident 
to a first approsimatiou It is a principle in mechanics, 
immediately flowing from the primary relations between 
forces and the motions they produce that wheu a number of 
very minute forces act at ooce on a system their joint effect 
IS the sum or aggregate of their separate effects, at least 
within such limits that the original relation of the parts of 
the system shall not have been materially changed by their 
action Such effects supervening on the greater movements 
due to the action of the primary forces may be compared to 
the small nppltngs caused by a thousand varying breezes 
on the broad and regular swell of a deep and rolling ocean, 
which run on as if the surface were a plane, and cross in 
all directions without interlenng, each as if the other had 
no existence It is only when their effects become accu 
mulated in lap‘'e of time so as to alter the primary rela 
wt ■4‘iAa. ^ t.'«. thaA ifc hecACJA?. ta 

have especial regard to the changes correspondingly intro 
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doced into tho estimation of their momentary efficiency, by 
which the rate of tho eabscqaent changes is affected, and 
periods or cycles of immense length take their origin From 
this consideration arise some of the most carious theories ot 
physical astronomy 

(603 ) Hence it is evident, that in estimating the disturb 
ing influence of several bodies forming a system, in which 
one has a remarkable preponderance over all the rest, we 
need not embarrass ourselves with combimtioas of the dis 
turbing powers one among another, unless where immensely 
long periods arc concerned such as consist of many bun 
dreda of revolutions of the bodies in question about tlieir 
common centre So that, in effect so far as we propose to 
go into Us consideration the problem of the luvestigition 
of the perturbations of a system, however numerous consti 
tuted as ours is reduces itseU to that of a system of three 
bodies a predominant central body, a disturbing, and a 
disturbed the two latter of which may exchange denomi 
nations, according as the motions of the one or the other 
are the subject of inquiry 

(609 ) Both the intensity and direction of the disturb 
lag force are continmlly vaiyjug, according to the relative 
situation of the disturbing and disturbed body with respect 
to the sun If the attraction of the disturbing body M, on 
the central body S and the disturbed body P (by which 
designations, for brevity, we shall hereafter indicate them), 
were equal, and acted in parallel lines, whatever might 
otherwise be its law of vanation, there would be no devia 
tion caused m the ellipUo motion of P about S, or of each 
about the other The case would be strictly that of art 454, 
ibe iS^ M so b&inff st erery’ esto 

ment exactly aualogous in its effect to terrestrial gravity, 
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which acts m parallel lines, and is equally intense on all 
bodies, great and small Bnt this is not the case of nature 
Whatever is stated m the sabseqnent article to that last 
cited, of the disturbing effect of the sun and moon, is, 
inutatw mutandis, applicable to every case of perturbation, 
and It mnat be now our business to enter, somewhat more 
m detail, into the general heads of the subject there merely 
hmted at 

(610) To obtain clear ideas of the manner in which the 
disturbing force produces its various effects, we must ascer 
tain at any given moment, and m any relative situations of 
the three bodies its direction and intensity as compared 
with the graiitation of P toward S in virtue of which 
latter force alone P would describe an ellipse about S re 
gardcd as fixed or rather P and S about their common 
centre of graiity in virtue of their mutual gravitation to 
each other In the treatment of the problem of three 
bodies, It is conrenient, and tends to clearness of appre 
hension, to regard one of them as fixed and refer the mo 
tions of the others to it as to a relative centre In the case 
of two planets disturbing each other s motions, the sun is 
natarally chosen as this fixed centre bat m that of sate! 
lites disturbing each other or disturbed by the sun, the 
centre of their primary is taken as their point of reference 
and the sun itself is regarded in the light of a very distant 
and massive satellite revolving about the pticnary in a 
relatne orbit eqnal and similar to that which the primary 
describes absolutelt/ round the sun Thus the generality of 
our language is preserved, and when referring to any par 
ticular central body we speak of an exterior and an interior 
planet, we include the cases in which the former is the sun 
and the latter a satellite, as, for example, in the Lunar 
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tbeorj*. It IB n pnnciplo in dytiamiCB, that tlio relative 
moliona of ft system of bodies tnter se are no way altered 
by impressing on all of them a common motion or motions, 
or a common force or forces accelernting or retarding them 
all equally in common directions, t e m parallel lines 
Suppose, therefore, wo apply to all the three bodies, S, P, 
and M, alike, forcca equal to those with which M and P 
attract S, but m opposite dircctiOQB Then will the relative 
motions both of M and P abont S bo unaltered , bat S, being 
now urged by equal and opposite forces to and from both 
M and P, will remain at rest Let us now consider bow 
either of the other bodies, as P, stands affected by these 
newly introduced forces, in addition to those which before 
acted on it It is clear that now P will be simultaneously 
noted on by four forces, first, the attraction ^ S in the 
direction P S, secondly, bo additional force, m the same 
direction, equal to its attraction on S, thirdly, the attraction 
o/M in the direction P M, and fourthly, a force parallel to 
M S, and equal to M s attraction on S Of these, the first 
two following the same law of the inverse square of the 
distance S P, may bo regarded as one force, precise! v as if 
the sum of the masses of S and P wero collected in S, and 
in virtue of their joint action, P will describe an ellipse 
about S, except in so far as that elliptic motion is disturbed 
by the other two forces Thus we see that in this view of 
the subject the relalive disturbing force acting on P is no 
longer the mere single attraction of hi but a force resulting 
from the composition of that attraction with M s attraction 
on S transferred to P in a contrary direction 

(611 ) Let C P A be part of the relative orbit of the 
disturbed and M B of the disturbing body, their pHnes 
intersecting in the line of nodes SAB, and having to 
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each ot^er tbe iDchoatioD expressed bj the spherical angle 
P A a In M P, produced if reqaired, take M N MS: 
M S* M P* Then, il S M* b© taken to represent, in 
qnantit} and direction, the accelerative attraction of M on S, 
M S will represent in qoantilj and direction the new force 
applied to P, parallel to that line, and U il will represent 
on the same scale the accelerative attraction of M on P 
Conseqnently, the disturbing force acting on P will be the 



resultant of two forces applied at F, represented respectively 
by N il and 51 S, which by the laws of dynamics are 
equivaleot to a single force represented in quantity and 
direction by N S, Jut having P for its point of application 

(612 ) The line K S is easily calculated by tngonom 
etry, when the relative sitaatious and real distances of the 
bodies are known and the font expressed by that Ime is 
directly comparable with the attractive forces of S on P by 

> The reader w 11 be careful U» obserro the order of the tetters where forces 
are represented by 1 uea IX & repreeoila a force actiog from toward S S U 
from S towa d U. 
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the following proportions, in which JT, S, represent the 
masses of those bodies which are supposed to be known, 
and to which, at equal distances, thcir attractions are 
proportional 

Disturbing force M’s attraction on S NS SM, 

M 8 attraction on S S’s attraction on M M S, 

S 8 attraction on M S’s attraction on P S P’ S M*, 
by compounding which proportions we collect as follows 
Disturbing force S a attraction on P 51 N S S P’ 

S SM' 

A few numerical examples are Bubjomed, exhibiting the 
results of this calculation in particular cases, chosen so as 
to exemplify its application under very various circum 
stances throughout the planetary system In each case 
the numbers set down express the proportion in which the 
central force retaining the disturbed body in its elliptio 
orbit exceeds the disturbing force, to the nearest whole 
number The calculation is made for three positions of the 
disturbing body, viz at its greatest, its least, and its mean 
distance from the disturbed 


D sturb ng- Body 

D aturbed Body 

Rat 0 at the 
greateaC D<a- 

Ratio at tba 
mean biataoce 
tl 

Ratio at tbe 
least D staace 
1 

The Sun 

The Uoon 

90 

179 


Jup ter 

Saturn 

364 

312 



The Barth 

95e83 

147576 



The Earth 

256208 

210245 


Neptuna 

Uranua 

67420 



Merc ry 

Neptune 

846 

846 



Ceres 

6433 

6937 


Saturn 

Jup ter 

20248 

21679 

3065 


(813 ) If the orbit of the disturbing body be circular, 
S M la invanable In this case N S will continue to rep 
resent the disturbing force on Vie same invariable scale. 
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whatever maj be the cooQgaration of the three bodies with 
respect to each other If the orbit of M bo hot little elliptic, 
the same will be nearly the case In what follows through- 
out this chapter, except where the contrary is expressly 
mentioned, we shall neglect the excentncity of the disturb- 
ing orbit 

(614 ) If P be nearer to M than S is, M N is greater than 
M P, and N lies in M P prolonged, and therefore on the 
opposite side of the plane of P s orbit from that on which 
il 13 situated The force N S therefore urges P toward ll’s 
plane, and toward a point X, sitoated between 5 and M, m 
the line S M If the distance M P be equal to M 5 as when 
P 18 situated, suppose at D or E, M N is also eqcal to M P 



or M S, so that K coincides with P, and therefore X with 
S, the disturbing forces being m these cases directed touard 
the central body But if M P be greater than >( S, M N 
IS less than M P, and N lies between M and P, or on the 
same side of the plane of P's orbit that M is situated on 
The force H S, therefore, applied at P, urges P toward the 
contrary side of that plane toward a point in the line M S 
produced, so that X now shifts to the further side of S In 
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all cases, the disturbing loroe is wholly effective in the 
plane M P S, m which the three bodies he 

It IS very important for the student to fix distinctly and 
bear constantly in hia mind these relations of the disturbing 
agency considered as a single unresolved force, since their 
recollection will preserve him from any mistakes in conceiv 
ing the mutual actions of the planets, etc , on each other 
For example, in the figures here referred to, that of art 
611, corresponds to the case of a nearer disturbed by a more 
distant body, as the earth by Jupiter, or the moon by the 
Sun, and that of the present article to the converse case, 
as, for instance, of Mara disturbed by the earth Now, m 
this latter class of cases, whenever M P is greater than if S, 
or S P greater than 2 S M, N lies on the sarue side of the 
plane of P s orbit with M, so that N S, the disturbing force, 
contrary to what might at first be supposed, always urges 
the disturbed planet out of the plane of its orbit toward the 
opposite side to that on which the disturbing planet lies It 
will tend greatly to give clearness and definiteness to his 
ideas on the subject, if be will trace out on various supposi 
tiODB as to the relative magnitude of the disturbing and dis 
turbed orbits (supposed to lie in one plane) the form of the 
oval about M considered as a fixed point, in which the point 
N lies when P makes a complete revolution round S 

(615 ) Although it IS necessary for obtaining in the first 
instance a clear conception of the action of the disturbing 
force, to consider it m this way as a single force having a 
definite direction m space and a determinate intensity, yet 
as that direction is contmuallj varying with the position of 
N S, both with respect to the radii S P, S IT, the distance 
P II, and the direction of P s motion, it would be impos. 
Bible, by so considering it, to attain clear views of its dy- 
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namical effect after any conaiderablo lapse of time, and it 
therefore becomes necessary to resolve it into other equiva 
lent forces acting m such directions as shall admit of distinct 
and separate consideration Now this may be done in sev 
eral different modes First we may resolve it into three 
forces acting in fixed directions in space rectangular to oue 
another and by estimating its effect in each of these three 
directions separately, conclude the total or joint effect 
This 13 the mode of procedure which affords the readiest 
and most advantageous handle to the problem of perturba 
tions when tahen up in all its generality and is accordingly 
that resorted to by geometers of the modern school m all 
their profound researches on the subject Another mode 
consists in resolviog it also into three rectangular compo 
nents not however in fixed directions but in variable ones 
viz m the directions of the lines N Q Q L and L S of 
which L S IS lu the direction of the radius vector S P Q L 
in a direction perpendicular to it and in the plane in which 
S P and a tangent to P » orbit at P both lie and lastly 
N Q in a direction perpendicular to the plane in which P is 
at the instant moving about S The first of these resolved 
port ons we may term the radial component of the disturb 
ing force or simply the radial disturbing force tt e second 
the transversal and the third the orOogonal' "When the 
disturbed orbit is one of small excentncity the transversal 
component acts nearly in the direction of the tangent to P s 
orbit at P and is therefore confounded with that resolved 
component which we shall presently describe (art 618) 
under the name of the tangential force This is the mode 


' T s is a tenn co ned for (be occaa on The wsot of aotae 
tl 19 comf-one t of tt o d scu blog forea U of en felt. 
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of resolving the disturbing force followed by Newton and 
his ixamediate successors 

(616 ) The immediate actions of these components of the 
disturbing force are evidently independent of each other, 
being rectangular in their directions, and they affect the 
movement of the diatorbed body in modes perfectly distinct 
and characteristic Thus, the radial component, being 
directed to or from the central body, has no tendency to 
disturb either the plane of P s orbit, or the equable descrip 
won of areas by P about S, since the law of areas proper 
Wonal to the times is not a character of the iorce of gravity 
only, but holds good equally, whatever be the force which 
retains a body in an orbit, provided only its direction is a! 
ways toward a fized centre ’ Inasmuch, however, as its law 
of variation is not conformable to the simple law of gravity. 

It alters the elliptic form of P e orbit, by directly affecting 
both Its curvature and velocity at every point In virtue, 
therefore, of the action of this disturbing force, the orbit 
deviates from the elliptic form by the approach or recess of 
P to or from S, so that the effect of the perturbations pro 
duced by this part of the disturbing force falls wholly on 
the radius vector of the disturbed orbit 

(617 ) The transversal disturbing force represented by 
Q L, on the other liand, has no direct action to drav P to 
or from S Its whole oiTiciency is directed to accelerate or 
retard P s motion in a direction nt right angles to S P 
Now the area momentarily described b> P about S, is, 
ceticris partl/ua, directly as the velocity of P m a dirccljon 
perpendicular to S P Whatever force, therefore, incrcaits 
this transierse velocity of P, nccelcrates the description of 
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areas, and ticeierafi "With the area A S P is directly con 
nected, by the nature of the ellipse, the angle A S P do 
scribed or to be described by P from a fixed line in the 
plane of the orbit, so that any change m the rate of descrip 
tion of areas ultimately resolves itself into a change in the 
amount of angular motion about S, and gives rise to a de 
parture from the elliptic laws Hence arise what are called 
in the pertnrbational theory equations (i e changes or flue 
tnations to and fro about an average quantity) of the mean 
motion of the distnrbed body 

(618 ) There is yet another mode of resolving the dis 
tnrbmg force into rectangolar components, which, though 
not so well adapted to the computation of results, in reduc 
tog to numerical calculation the motions of the disturbed 
body, IS fitted to afford a clearer insight into the nature of 
the modiflcations which the form magaitude, and sitnation 
of Its orbit undergo in virtue of its action and which we 
shall therefore employ in preference It consists lo estimat 
mg the components of the disturbing force which lie in the 
plane of the orbit not in the direction we have termed 
radial and lransver»a\ i e in that of the radius vector P S 
and perpendicular to it, bat in the directioa of a tangent to 
the orbit at P, and in that of a normal to the curve and at 
right angles to the tangent for which reason these compo 
nents may be called the tangential and normal disturbing 
forces When the orbit of the disturbed body is circular, 
or nearly so, this mode of resolution coincides with or differs 
but little from the former but when the elhpticity is con 
siderable these directions may deviate from the radial and 
transversal directions to onj extent As in the Newtoman 
mode of resolution the effect of the one component falls 
wholly upon the approach and recess of the body P to the 
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central body S, and of the other wholly on the rate of de- 
scription of areas by P round S, so in this which we are now 
considering, the direct effect of the one component (the nor- 
mal) falls wholly on the curvature of the orbit at the point 
of its action, increasing that curvature when the normal 
force acts inward, or toward the concavity of the orbit, ^nd 
diminishing it when in the opposite direction, while, on the 
other hand, the tangential component is directly effective on 
the velocity of the disturbed body, increasing or dimmish 
ing it according as its direction conspires with or opposes its 
motion It 18 evident enough that where the object is to 
trace simply the changes produced by the disturbing force, 
in anjfe and rfisiance from tbe central body, the former mode 
of resolution must have the ad\antage m perspicuity of 
view and applicibility to calculation It is Jess obvious, 
but will abundantly appear in tbe sequel that the latter 
ofiers peculiar advantages in exhibiting to the eye and the 
reason the momentary influence of tbe disturbing force on 
tbe elements of the orbit itself 

(619 ) Keither of the last mentioned pairs of resolved 
portions of tbe disturbing force tends to draw P out of the 
plane of its orbit PSA But the remaining or orthogonal 
portion N Q nets directly and solely to produce that effect. 
In consequence, under the lunucuce of this force, P must 
^uit that plant, and (the same cause continuing in action) 
must describe a curie of double eurtahtre as it is called, no 
two consecntive portions of which lie in the same piano 
passing through S The effect of this is to produce n ton 
tinual Noriation in those elements of the orbit of P on which 
tlte siluatton of ttj plane id space depends, t e on its tnclma 
tion to a fixed plane, and the position in such a plane of the 
node or line of its intersection therewith As this, among 
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all the various eilects of pertarbatiou, is that which is at 
once the most simple in its conception, and the easiest to 
follow into Its remoter consequences, we shall begin with its 
explanation 

(620 ) Suppose that up to P (arts 611, 614) the body were 
describing an undisturbed orbit C P Then at P it would 
be moving»in the direction of a tangent P K to the ellipse 
P A, which prolonged will intersect the plane of If’a orbit 
somewhere in the line of nodes, as at R Now, at P, let the 
disturbing force parallel to N Q act momentarily on P, then 
P will be defiected m the direction of that force, and instead 
of the arc P p, which it would have described in the next 
instant if undisturbed, will describe the arc P q lying in the 
state of things represented in art 611 below and in art 
614 above P p with reference to the plane PSA Thus, 
by this action of the disturbing force, the plane of P s orbit 
will have shifted its positioo in space from P (an ele 
mentary portion of the old orbit) to P S one of the new 
Now the line of nodes S A B in the former is determined 
by prolonging Vp into the tangent PR intersecting the 
plane M S B in R, and joining S R And in like manner, 
if we prolong F 5 into the tangent P r, meeting the same 
plane in r, and join S r, this will be the new line of nodes 
Thus we see that, under the circumstances expressed in the 
former ilgare, the momentary action of the orthogonal dis 
turbiDg force will have caused the line of nodes to retrograde 
upon the plane of the orbit of the disturbing body, and 
under those represented 10 the latter to advance And it is 
evident that the action of the other resolved portions of the 
disturbing force will not in tfie least interfere with this re 
suit, lor neither of them lends cither to carryP out ol its 
former plauo of motion, or to prevent its quitting it Their 
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laflaenoe would merely go to transfer the points of intereec 
tioQ of the tangents P p or P 5 from R or r to E or r , points 
nearer to or further from S than B r, but m the same lines 

(621 ) Supposing, now, M to lie to the left instead of the 
right Bide of the line of nodes in jig 1, P retaining its situa 
tion, and M P being less than M S, so that X shall still lie 
between M and S In this situation of things (or conjigura 
iioriy as it is termed of the three bodies with respect to each 
other) X will lie helow the plane ASP, and the disturbing 
force will tend to raise the body P above the plane, the re 
solved orthogonal portion N Q in this case acting upward 
The disturbed arc P q will therefore he above P p, and 
when prolonged to meet the plane MSB will intersect it 
in a point %n advance of R, so that m this configuration the 
node will advance upon the plane of the orbit of if, pro 
vided always that the latter orbit remains fixed, or, at least, 
does not itself shift its position in such a direction as to de* 
feat this result 

(622 ) Generally speaking, the node of the disturbed orbit 
Will recede xipon any plane whtek we may consider as fixed, 
whenever the action of the orthogonal disturbing force tends 
to bring the disturbed body nearer to that plane, and vice 



versd This will be evident on a mere inspection of the an 
nexed figure, in which CA represents 1 semicircle of the 
projection of the fixed plane as seen from S on the sphere of 
the heavens, and CPA that of the plane of P s undisturbed 
orbit the motion of P being in the direction of the arrow, 
from C the ascending, to A the descending node It is at 
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once Been, by prolonging P 5 , T into arcs of great circles, 
P r, P r' (forward or backward, as the case may be) to meet 
C A, that tho node will bare retrograded through tho arc 
A r, or C r, whenever P q lies between CPA and 0 A, or 
when the perturbing force carries P toward the fixed plane, 
but will ha^e advanced through A r or C r' when P j’ lies 
above C P A, or when the disturbing impulse has lifted P 
above Its old orbit or away from tho fixed plane, atid this 
icithoul any reference (o uhether the undisturled orlilual mo 
(ton ofPat the moment «i carrying it (otiard the plane C A or 
from it, 03 in the two cases represented in the figure 

(623 ) Let us now consider the mutual disturbance of two 
bodice M and P, m the vanous configurations in a bich they 
may be presented to each other and to their common central 
body. And first, let us take the cose, as tho simplest, where 
the disturbed orbit is extenor to that of the disturbing body 
(os in fig art 6U), and the distance between the orbits 
greater than the scmiaxis of the smaller First, let both 
planets he on the snme side of the line of nodes Then (as 
in art 620) the direction of the whole disturbing force, and 
therefore also that of its orthogonal component, will be 
toward the opposite side of the plane of P a orbit from that 
on which if lira Its effect therefore will be to draw P out 
of its plane in n direction from the plane of if s orbit, so 
that in this state of things the node will advance on the lat 
ter plane, however P and M may be situated in these semi 
circumferences of their respective orbits Suppose next, M 
transferred to the opposite side of the hoe of nodes, then 
will the direction of its action on P, with respect to the plane 
of P s orbit, be reversed, and P in quitting that plane will 
now approach to instead of receding from the plane of U’a 
orbit, 80 that its node will now recede on that plane 

AsTROsOinr—Vol SS — i 
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(624 ) Thus, while il and P revolve about S, and in the 
course of many revolutions of each are presented to each 
other and to S in all possible configurations, the node of P's 
orbit will always advance on M’s when both bodies are on 
the same side of the line of nodes, and recede when on the 
opposite They will therefore, on an average, advance and 
recede during equal times (supposing the orbits nearly cir 
cular) And, therefore, if their advance were at each in 
stant of its duration equally rapid with their recess at each 
corresponding instant during that phase of the movement, 
they would merely oscillate to and fro about a mean post 



tion, without any permanent motion in either direction 
But this IS not the case The rapidity of their recess in 
every position favorable to recess is greater than that of 
their advance in the corresponding opposite position To 
show this, let us consider any two configurations in which 
M s phases are diametncally opposite, so that the triangles 
P S M, P S M , shall he in ono plane, haring an^ inclination 
to P 8 orbit, according to the situation of P Produce P S, 
and draw II m M m perpendicular to it, which will therefore 
bo equal Take M N MS M S* M P*, and M' N' 

M S M S’ M F' then, if the orbiLs be nearly circles, 
and therefore M S M S, N M will be less than M K , and 
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ibereforc (since P M' la greiter than P M) P N' : P M' in n 
greater ratio than P N : P M, and conoequeiitl}, bj similar 
triangles, drawing N n, N' n' perpendicular to P S, 2s ’ « 
it' m' m a greater ratio than N « M m, and therefore K' » 
IS greater than N n Now the plane P M M' intersects P s 
orbit m F S| and being inclined to that orbit at the same 
angle through its whole extent, if from N and K perpen 
diculars be conceived let fall on that orbit, these will be to 
each other in the proportion of N n, N n , and therefore 
the perpendicular from N' will be greater than that from N 
Now since by art 611 N S and K S represent in quantity 
and direction the total disturbing forces of M and M on P 
respectively, therefore these perpendiculars express (art 615) 
the orthogonal distarbing forces the former of which tends 
(as above shown) to make the nodes recede and the latter to 
advance, and therefore the preponderance in every such 
pair of situations of M is in favor of a retrograde motion 
(625 ) Let us next consider the case where the distance 
between the orbits is less than the semiasis of the interior, 
or IQ which the least distance of M from P is less than K S 
Take any situation of P with respect to the line of nodes 



A 0 Then two points d and e, distant by less than 120% 
can be taken on the orbit of M equidistant from P with S 
Suppose M to occupy successively every possible situation 
in its orbit, P retaining its place, — then, if it were not for 
the existence of the arc d e, in which the relations of art 624 
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are reversed, it would appear by the reasoning of that article 
that the motion of the node is direct when M occupies any 
part of the semiorbit F M B, and retrograde when it is in 
the opposite, but that the retrograde motion on the whole 
would predominate Much more then will it predominate 
when there exists an arc dM. e within which if M be placed. 
Its actjon will produce a retrograde instead of a direct 
motion 

(626 ) This supposes that the arc d e lies wholly in the 
semicircle F d B But suppose it to lie, as m the annexed 
figure, partly within and partly without that circle The 
greater part d B necessarily lies within it, and not only so, 
but within that portion, the point of M’s orbit nearest to P, 
in which, therefore, the retrograding force has its maximum, 



18 situated Although, therefore, m the portion B e, it is 
true, the retrograde tendency otherwise general over the 
vhole of diat semicircle (art 624) will be reversed, yet the 
effect of tin*- will bo modi more than counterbalanced by 
the more energetic and more prolonged retrograde action 
over d B, and, therefore, in this case also, on the average 
of c%ery possible situation of M, the motion of the node will 
be retrograde 

(627 ) Let us lastly consider an interior planet disturbed 
by an exterior Take Jf D and M E (Jig of art 611), each 
equal to II S Then first, when P is between B and the 
node A, being nearer than S to M, the disturbing force acts 
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tow'vrd M 8 orbit on the side on nlnch M lies, and the ikkIo 
recedes It also recedes rrlien (M retaining the pamc suua 
tion) P IS m any part of the arc E C from E to the other 
node becau°o in that situation the direction of the disturb 
ing force, it is true is reversed, but that portion of P s orbit 
being also reversely sitoated with respect to the plane of 
3, P 13 still urged toward the latter plane, but on the side 
opposite to M Thus (M bolding its place) whenever P is 
anj where in D A or E C, the node recedes On the other 
band, it advances whenever P is between A and E or be 
tween C and D, because, in these arcs, only one of tbe two 
determining elements (\iz the direction of the disturbing 
force with respect to the plane of P s orbit, and the situa 
tiou of the one plane with respect to the other os to abo\e 
and below) has undergone rciersal Now first wbeaeier 
M 13 anywhere but m the line of nodes, the sum of the arcs 
B A and E C exceeds a seratcircle and that the more, the 
nearer ^ is to a position at ngbt angles to the lino of nodes 
Secondly, tbe arcs favorable to the recess of the node com 
prebend those situations in which tbe orthogonal disturbing 
force is most powerful, and vice versS This is evident, be 
cause as P approaches D or E this cor ponent decreases, 
and vanishes at those points (612) The movement of the 
node Itself also vanishes when P comes to the node, for al 
though m this position the disturbing orthogonal force 
neither vanishes nor changes its direction, yet since at the 
instant of P s passing the node (A) the recess of the node is 
changed into an advance, it must necessarily at that point 
be stationary * Owing to both these causes, therefore (that 


bat tbe oontlnu>t7 ot the node'e toot oo will be eprarent from an inspection of 
the nonexea Ogare where ( a d is n port on of F e d atorbed path near tbe 
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the node recedes during a longer time than it advances, and 
that a more energetic force acting in its recess causes it to 
recede more rapidly), the retrograde motion will preponder 
ate on the whole in each complete synodic revolution of P 
And it is evident that the reasoning of this and the fore 
going articles is no way vitiated by a moderate amount 
of excentricity in either orbit 

(628 ) It 13 therefore a general proposition, that on the 
average of each complete synodic revolution, the node of 



every disturbed planet recedes upon the orbit of the disturb 
ing one, or, in other words, that in every pair of orbits, the 
node of each recedes upon the other, and of course upon any 
intermediate plane which we roay regard ns fixed On a 
plane not intermediate between them, however, the node of 
one orbit will advance, and that of the other i\ill recede 

node A, concare toward the piano G A, Tb« momentarT placo of the nortn^ 
node U dotemined bp the intonoebon of the tangent b a with A Q which as 



t paas«n through a to d recodea from A to s nita there for an Instant, and 
then adraneea again 
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Suppose, for instance, C A G to bo a piano intermediate bo 
tvreen F P and M H the two orbits, li pp and vt m be tbe 
new positions of the orbits, tho node of P on M will have 
receded from A to 6, that of M on P from A to 4, that of P 
and M on C C respectiveljr from A to 1 and from A to 2 
But if F A F be a plane not intermediate, tho node of if on 
that plane has receded from A to 6, bat that of P will have 
advanced from A to 7. If the fixed plane have not a com 
mon intersection with those of both orbits, it is equally easy 
to see that the node of the disturbed orbit may cither recede 
on both that plane and the disturbing orbit or advance on 
the one and recede on the other, according to the relative 
situation of tho planes 

(629 ) This IS the case with the planetary orbits They 
do not all intersect each other in a common node Although 
perfectly true, therefore, that the node of any one planet 
would recede on the orbit of any and each other by tho 
lodividunl action of that other, yet, when all act together, 
recess oa one plane may bo equivalent to advance on 
another, so that the motion of the node of any one orbit 
on a given plane, arising from their joint action, taking 
into account tbe different situations of all the planes, be 
comes a curiously complicated phenomenon whose law 
cannot he very easily expressed in words, though reducible 
to strict numerical statement, being, m fact, a mere geomet 
rical result of wbnt is above shown 

(630 ) The nodes of all the planetary orbits on the true 
ecliptic, ns a matter of fact, are retrograde, thongh they are 
not all so on a hxed plane, such as wo may conceive to 
exist in tbe planetary system, and to be a plane of reference 
unaffected by thcit mutual disturbances It is, however, 
to the ecliptic, that we are under the necessity of referring 
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their movements from oar station in tho system; and if wo 
■would transfer our ideas to a itxod plane, it becomes neces- 
sary to take account of tho variation of the ecliptic itself, 
prodneed by the joint action of all the planets. 

(631.) Owing to the smallness of tho masses of the planets 
and their great distances from each other, the revolutions of 
their nodes are cik-cessively slow, being in ©very case less 
than a single ‘degree per century, and in most cases not 
amounting to half that quantity. It is otherwise with the 
moon, and that owing to two distinct reasons. First, that 
the disturbing force itself arising from the sun’s action (as 
appears from the table given in art. 612) bears a much larger 
proportion to the earth’s central attraction on the moon than 
in the case of any planet disturbed by any other. And 
secondly, because the synodic revolution of tlie moon, 
within which the average is struck (and always on tho 
side of recess), is only 29, days, a period much shorter than 
that of any of the planets, and vastly so than that of several 
among them. All this is agrceable to what has already been 
stated (arts. 407, 408) respecting tho motion of the moon’s 
nodes, and it is hardly necessary to mention that, when cal- 
culated, as it has been, d prior* from an exact estimation 
of all the acting forces, the result is found to coincide with 
perfect precision with that immediately derived from obscr- 
\atioo, 80 that not a doubt can subsist ns to this being tho 
real process by which so remarkable an cllcct is produced. 

(632.) So far as the physical condition of each planet is 
concerned, it is evident that the position of their noilcs can 
be of httlo importance. It la otherwise with the mutual 
inclinations of their orbit* with respect to each other, nod 
to the equator of each. A \anation in tho position of tho 
ecliptic, for instance, by which its }>olo should shift its dis- 
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tance from the polo of the equator, would disturb our 
seasoos Should tho place of the earth’s orbit, for instance, 
over be so changed as to bnng the ecliptic to coincide with 
the equator, we should have perpetual spring over all tho 
world, and, on tho other hand, should it coincide with 
a mendian, tho extremes of summer and winter would be 
come intolerable Tho inquiry, then, of the variations of 
inclination of the planetary orbits tnler se, is one of much 
higher practical interest than those of their nodes 

(633 ) Bcfernng to the dgures of art CIO et seq , it is 
evident that the plane S P 9 , in which tho disturbed body 
moves during an instant of time from its quitting F, is 
differently inclined to the orbit of M, or to a fixed plane, 
from the original or undisturbed plane PS The differ 
ence of absolute position of these two planes in space is the 
angle made between the planes P S R and P S r, and is 
therefore calculable by spuerical trigonometry, when the 
angle R S r or the momentary recess of tbe node is known, 
and also tbe inclination of the planes of tbe orbits to each 
other We perceive then, that between tbe momentary 
change of inclination and tbe momentary recess of the 
node there exists an intimate relation, and that tbe research 
of tbe one is in fact bound op in that of the other This 
may be, perhaps, made clearer, by considering tbe orbit of 
P to be not merely an imaginary line, but an actual circle 
or elliptic hoop of some rigid material, without inertia, on 
which, as on a wire the body P may slide as a bead It 
IS evident that the position of this hoop will be determined 
at any instant, by its inclinatiou to tbe ground plane to 
which it IS referred and by the place of its intersection 
therewith or node It will also be determined by the 
momentary direction of P b motion, which (having no 
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inertia) it must obey , and any change by which P should, 
in the next instant, alter its orbit, would be equivalent to 
a shifting, bodily , of the whole hoop, changing at once its 
inclination and nodes 

(63-4 ) One immediate conclusion from what has been 
pointed out above, is that where the orbits, as in the case 
of the planetary system and the moon, are slightly inclined 
to one another, the momentary vanations of the inclination 
are of an order much inferior m magnitude to those in the 
place of the node This is evident on a mere inspection of 
onr figure, the angle R P r being, by reason of the small 
inclination of the planes S P R and R S r, necessarily 
much smaller than the angle R S r In proportion os the 
planes of the orbits are brought to coincidence, a very 
trifling angular movement of Pp about P S as an nsis wiU 
make a great variation in the situation of the point r, where 
its prolongation intersects the ground plane 

(635) Referring to the figure of art C22, we pcrccito 
that although the motion of the node is retrograde whenever 
the momentary disturbed arc P Q hes between the planes 
C A and C G A of ibe two orbits, onil ti« indiffcr* 

entJy whether P be in the act of receding from the piano 
C A, ns in the quadrant C G, or of approaching to it, as 
in G A, ytt the same nJontity as to the character of tho 
(.hange does not subsist in respect of the inclination Tho 
inclination of the disturbed orbit (i c of its momcntaiy 
element) P 5 or P 7 , is measured by the spherical angle 
P r n or P r II Now in the quadrant C G, P r 11 n Ic-ts, 
and P r n greater than P C 11, but in G A, the conxerso 
Hence this rule 1st, If the disturbing force urge P towanl 
the plane of XI s orbit, and the ondisturl>cd motion of P carry 
It also toward that plane, and2dly, if the disturbing force 
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urge P from that plane, while P’s undisturbed motion also 
carries it from it, in cither case the inclination momentarily 
increases; but if, Sdly, the distarbing force act to, and P's 
motion carry it from — or if the force act from, and the mo- 
tion carry it to, that plane, the inclination momentarily 
diminishes. Or (including all the cases under one alter- 
native) if the action of the disturbing force and the undis* 
turbed motion of F with reference to the plane of H’s orbit 
be of the same character, the inclination increases; if of 
contrary characters, it diminishes. 

(636 ) To pass from the momentary changes which take 
place in the relations of nature to the accumulated effects 
produced in considerable lapses of time by the continued 
action of the same causes, under circumstances varied by 
these very effects, is the business of the integral calculus 
'Without going into any calculations, however, it will be 
easy for us to demonstrate, from the principles above laid 
down, the leading features of this part of the planetary 
theory, viz. the periodic nature of the change of the in- 
clinations of two orbits to each other, the re-establisbmcot 
of their original values, and the cooseqaent oscillation of 
each plane about a certain meau position. As in explain- 
ing the motion of the nodes, we will commence, as the 
simplest case, with that of an exterior planet disturbed by 
an interior one at less than half its distance from the central 
body. Let A C A' be the great circle of the heavens into 
which M’s orbit seen from 5 is projected, extended into a 
straight line, and At; C h A' the corresponding projection 
of the orbit of P so seen. Let M ocenpy some fixed situa 
tion, suppose in the semicircle A C, and let P describe a 
complete revolution from A through <7 C A to A'. Then 
while It 18 between A and^ or in its first quadrant, its rao- 
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tion is from tbo 'piano of M’s orbit, and at tho same time 
tbo orthogonal force acts from that piano: tho inoHnatioa, 
liicroforo (art. 035) increases. In tbo second quadrant tbo 
motion of P is /o, but tbo force continues to art fronii 
the plane, and tbo inclination again decreases. A similar 
alternation takes place m its course tbrougb tho qnndrants 
C h and h A. Thus tbo plane of P’s orbit oscillates to and 
fro about its mean position tvrico in each revolution of P. 
During this process if M held a Axed position at C, the 
forces being symmetrically aliko on either side, tbo extent 
of these oscillations would be exactly equal, and the inclina- 
tion at tbo end of one revolution of P would revert precisely 
to its original value. But if M bo elsewhere, this will not 
be the case, and m a single revolution of F, only a partial 
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compensatiou will be operated, and an overplus on the side, 
suppose of dimiflutiau, will remain outstanding. But when 
H comes to H', a point equidistant from G on the other 
side, this oBeot will bo precisely reversed (supposing the 
orbits circular) On tho average of both situations, there- 
fore, the effect will be the same as if M were divided into 
two equal portions, one placed at II and the other at M', 
which will annihilate the preponderance in question and 
effect a perfect restoration.^ And on an average of all pos- 
sible situations of M, the effect will in like manner be 
the same as if its mass were distributed over the whole 
circumference of its orbit, forming a ring, each portion of 
which will exactly destroy the effect of that similarly 
situated on the opposite side of the line of nodes 
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(037 ) Tbc reasoning la prcciacly sinnlar for the more 
complicated cases of arW 625 and 027 Suppose tliai 
owing either to the proximity of ibo two orbits (in the case 
of an extenor disturbed planet) or to the disturbed orbit 
Wing interior to the disturbing one, there were a larger or 
le«s portion, d e, of P’a orbit in which these relations were 
reversed Let M be the position of M' corresponding to 
d e, then taking G M = G U, there will be a similar portion 
d e bearing precisely the same reversed relation to SI', and 
therefore, the actions of SI SI will equally neutralize each 
other in this as in the former ataie of things 

(638 ) To operate a complete and rigorous compensation, 
however, it is necessary that SI should be presented to P in 
etcry possible condguratton, not only uith respect to F 
Itself, but to the line of nodes, to the position of which 
line the whole reasoning bears reference In the case of 
the moon, for example, the distnrbed body (the moon) 
revolves in 27' 822, the disturbing (the son) in 865' 256, and 
the line of codes in 6T83' SOI, numbers in proportion to 
each other about as 1 to 13 and 249 respectively Now in 
13 revolctioDs of P, and one of SI, if the node remained 
fixed, P would have been presented to SI so nearly in eveiy 
confignration as to operate an almost exact compensation 
But in 1 revolution of H, or 13 of P, the node itself has 
shifted H< or about of a revolution, in a direction opposite 
to the revolutions of M and P, so that although P has been 
brought back to the same conOguration with respect to M, 
both are ol a revolution in advance of the same configara 
tion as respects the node The compensation, therefore, 
will not be exact, and to make it so, this process must be 
gone through 19 times, at the end of which both the bodies 
will be restored to the same relative position, not only with 
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respect to each other, but to the node The fractional parte 
of entire revolutions, which m this explanation have been 
neglected, are evidently no farther influential than as ren 
denng the compensation thus operated in a revolution of 
the node slightly inexact, and thus giving nse to a com 
pound period of greater duration, at the end of which a 
compensation almost mathematically rigorons will have 
been effected 

(639 ) It 18 clear then, that if the orbits be circles, the 
lapse of a very moderate number of revolutions of the bodies 
will very nearly, and that of a revolntion of the node almost 
exactly, bring about a perfect restoration of the inclinations 
If, however, we suppose the orbits excentnc, it is no less 
evident, owing to the want ot symmetry in the distribution 
ol the forces, that a perfect compensation will not be effected 
either in one or in any number of revolntions of P and U, 
independent of the motion of the node itself, as there will 
always be some conflguration more favorable to either an in 
crease of inclination than its opposite is unfavorable Thus 
will arise a change of inclination which, were the nodes and 
apsides of the orbits fixed, would be always progressive m 
one direction until the planes were brought to coincidence 
But, lat, half a revolution of tho nodes would of itsolf re 
verse the direction of this progression by making tho posi 
tion in question favor the opposite movemcut of inchnatibn, 
and, 2dly, the planetary apsides are themselves m motion 
with unequal velocities, and thus the configuration whose 
inlluence de<>trojs the balance, is itself, always shifting its 
place on tho orbits The variations of inclination dependent 
on the exccntncities are therefore like tlio«e independent of 
VbtsTn pvnodicnl, and Wing, tnoTtover, of an otxIct moro 
minute (by reason of the smallness of the excentricities) 
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than the latter, it ia evidcat that the total variation of the 
planetary inclinations must flaclaatc within very narroir 
limits. Geometers have accordingly demonstrated by an 
accurate analysis of all the circumstances, and an exact esti- 
mation of the acting forces, that such is the case; and this 
is what is meant by asserting the stability of the planetary 
system as to the matnal inclinations of its orbits. By the 
researches of Lagrange (of whoso analytical conduct it is 
impossible here to give any idea), the following elegant 
theorem has been demonstrated:— 

"Jfthe mass of every planet be multiplied by the square root 
of die major axis of lU orhl, and Oie product by the square of 
the tanqent of \U tnchnation to a fixed plane, the sum of all 
these products wtll be constantly the same under the tnjiuenoe 
of their mutual attraction.” If the present situation of the 
plane o! the ecliptic bo taken for that hxed plane (the eolip* 
tic Itself being variable like the other orbits), it is found that 
this sum 18 actually very small: it must, therefore, always 
remain so. This remarkable Ibeorero alone, then, would 
guarantee the stability of the orbits of the greater planets; 
but from what has above been shown of the tendency of each 
planet to work out a compensation on every other, it is evi- 
dent that the minor ones are not excluded from this benefi- 
cial arrangement. 

(640 ) Meanwhile, there is no doubt that the plane of the 
ecliptic does actually vary by the actions of tbe planets. 
The amount of this vanation is about 48' per century, and 
has long been recognized by astronomers, by an increase of 
the latitudes of all the stars in certain situations, and their 
diminntioD in the opposite regions Its effect is to bring the 
ecliptic by so much per anniim nearer to coincidence with 
the equator; but from what we have above seen, this dimi- 
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sutjOD of the obliquity of the ediptic will not go on bejond 
certain very moderate limits, after which (although in an im 
mense period of ages, being a compound cycle resulting from 
the joint action of all the planets) it will agam increase, and 
thus Oscillate backward and forward about a mean position, 
the extent of its deviation to one side and the other being 
less than 1® 21 

(641 ) One effect of this variation of the plane of the 
ecliptic — that which cansea its nodes on a fixed plane to 
change — la mixed up with the precession of the equinoxes 
and indistinguishahle from it, except in theory This last 
mentioned phenomenon is, however, due to another cause, 
analogous, it is true, m a generd point of view, to those 
above considered, but singularly modified by the circum 
stances under which it is produced We shall endeavor to 
render these modifications intelligible, as far as they can be 
made so without the intervention of analytical formulte 

(642 ) The precession of the equinoxes, as we have shown 
in art S12, consists in a continual retrogradslion of the node 
of the earth s equator on the ecliptic , and is, therefore, ob 
viously an effect so far analogous to the general phenomenon 
of the retrogradation of the nodes of the orbits on each other 
The immense distance of the planets, however, compared 
with the size of the earth, and the smallness of their masses 
compared to that of the sun, puts Aetr action out of tlio 
question in the inquiry of its cause, and we must, therefore, 
look to the massive thongh distant sun, and to our near 
though mtnote neighbor, the moon, for its explanation 
This will, accordingly, be found in their disturbing action 
on the redundant matter accumulated on the equator of the 
earth, by which its figure is rendcretf spfieroidaf, combined 
with the earth's rotation on its axis It is to the sagacity of 
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J^erton that we owe the di^coverj ol this singular ino<3e of 
action 

(643 ) Sopposo in oar figure (art 611) that instead of one 
hod J-, P, reiolving round S there were a succession of par 
tides not coherent but forming a kind of fluid ring free to 
change its form bjr any force applied Then v, hile this ring 
revolved round S m its own plane under the disturbing in 
fluenco of the distant body M (which now represents the 
moon or the sun as P does one of the particles of the earth s 
eqnator) two things would happen Ist its figure would ho 
hent out of a plane into an undulated form those parts of it 
within the ares D A and E C being rendered more inclined 
to the plane of M a orbit and those within the arcs A E 
C D less so than thej would otherwise he 2dly, the nodes 
of this nog regarded as a whole without respect to its 
change of figore would retreat npon that plane 

(644 ) But suppose this nog instead of consistiug of dis 
Crete molecules free to move independently to be rigid and 
vneapiWe ot such fles-ure Uk« the / oop we ha% e supposed \n 
art 633 but having inertia then it is evident that the eSort 
of those parts of it which tend to become more inclined will 
act through the medium of the nog itself (as a mechanical 
engine or lever) to counteract the eSort of those which have 
at the same tnsianl a coutrary tendency In bo far only, 
then as there exists an excess on the one or the other side 
will the inclmat on change an average being strnck at every 
moment of the ring s motion just oa was shown to happen 
in the view we have taken of the mcUnations, in every com 
plete revolution of a single disturbed body, under the mflu 
ence of a fixed disturbing one 

(645) “Meanwhile however the nodes oi the rigid ring 
will retrograde, the general or average tendency of the nodes 
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of every molecale being to <lo so Here, as in the other 
case, a struggle ivill taLe place by the counteracting efforts 
of the molecules contrarily disposed, propagated through the 
solid substance of the ring, and thus at every instant of 
tune, an average will be struck, which being identical in its 
nature with that effected in the complete revolution of a sin 
gle disturbed body, will, in every case, be in favor of a re 
cess of the node, save only when the disturbing body, bo it 
sun or moon, is situated m the plane of the earth’s equator 
(646 ) This reasoning is evidently independent of any 
consideration of the cause which maintains the rotation of 
the ring, whether the particles be small satellites retained m 
circular orbits under the equilibrated action of attractive and 
centrifugal forces, dr whether they be smalt masses conceived 
as attached to a set of imaginary spokes, as of a wheel, cen 
tnng in S, and free only to shift their planes by a motion of 
those spokes perpendicular to the plane of the wheel This 
makes no difierence in the general effect, though the differ 
ent velocities of rotation, which may be impressed on such a 
system, may and will have a very great influence both on 
the absolute and relative magnitudes of the two eficcts in 
question — the motion of the nodes and change of inclination 
This will be easily understood, if we suppose the ring ujlA 
out a rotatory motion, lu which extreme case it is obvious 
that so long as Id remained fixed there would take place no 
recess of nodes at all, but only n tendency of the nng to tilt 
its plane round a diameter perpendicular to the position of 
M, bringing it toward the line S M 

(647 ) The motion of such & ring, then, as wo have been 
considering, would imitate, so for as the recess of the nodes 
goes, tho precession of the equinoxes, only that its nodes 
would retrograde far more rapidly than the observed preces 
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fiiOQ, whicb 13 excessively Blow Bat now conceive this nng 
to he loaded with a spbcncal mass enormously bea\ ler than 
itseU, placed concentrically within it, and cohering firmly to 
It, but indifferent, O” veij nearly so, to any such cause of 
motion, and snppose, moreover, that instead, of one such 
ring there are a vast multitode heaped together around the 
equator of such a globe, so aa to form an elliptical protuber 
ance, enveloping it like a shell on all sides, hut whoso mass, 
taken together, should form bat a \cry minnte fraction of 
the whole spheroid "We have now before us a tolerable rep 
resentation of the case of nature,* and it is evident that the 
rings, having to drag round with them in their nodal revolu 
tion this great inert mass, will have tbeir velocity of retro 
gradation proportionally diminished Thus, then, it is easy 
to conceive how a motion similar to the precession of the 
equinoxes and, like it characterized by extreme slowness, 
will arise from the causes m action It may seem at first 
sight paradoxical that the whoU effect of the external ottrac 
lion should terminate in the prodocUon of such a movement, 
without producing any change in the inclination of the 
equator to the ecliptic But a due coDsideration of the rea 
soning in arts 636 637 will make it evident that for every 
particle m the revolving ring (in eiery situation of the dis 
turbing body) whose change of motion would tend to create 


• Tlukl b perfect spltero vould bo eo iocrf e&a «vd aerenl as to & revolui on 
of the Dodes of lU equator under tho uifluenco of a distant attract ng body ap- 
pears from th a — that Lbo d reel on of the resultant attract on of such s bodr 
or of that smglo foico wh ch opposed sould neutral zo and dostro; Its whole 
action a Decessanly In a 1 ne pass og tbrougli the centre of the sphere and 
therefore can haro no tendency to turn the sphere one way or vtl er It maj 
he objected by the reader that the whole spheru tnay be conce ved as coos st- 
ing of r Dga parallel to its equator of every possible d ameier and that tl ere 
fore Its n^ea aho Id retrograde e»eo w tbout a protuberant equator The in 
ference Ls Incorrect but our 1 m ts w 11 not allow us to go into an expos t on of 
the falUcy We should I owever ca t oo li m generatiy that no dynamiokl 
subject is open to raoro m stakes of this k nd wh ch nothing but the closest 
alieotioo in every Taned pomt of e ew wilt detect. 
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a change of inclinatioa m oae direction, there exists another, 
exercising an equal tendenoj of an opposite kind 

(648 ) Now a recess of the node of the earth’s equator, 
upon a given plane, corresponds to a conical motion of its 
axis round a perpendicnlar to that plane But in the case 
before us, that plane is not the echptio, but the moon’s orbit 
for the time being and it maj be asked how we are to rec 
oncile this with what is stated in art 317 respecting the na 
ture of the motion in question To this we reply, that the 
nodes of the lunar orbit, being in a state of continual and 
rapid retrogradation, while its inclination is preserved nearly 
m\ariable, the point in the sphere of the heavens round 
which the pole of the earth’s equator revolves (with that 
extreme slowness characteristic of the precession) is itself m 
a state of continual circulation round the polo of the cclip 

i tic with that much more rapid motion 
which belongs to the lunar node A 
glance at the annosed Bgure will ex 
plain this better than words P is the 
pole of the cciiplic, A the polo of the 
moons orbit, moving round the small 
circle A B C D in IP years, a the polo 
of the earth’s equator which at cncit mo 
mont of jta progress Jias a direction perpen 
dicnlar to the varying position of tho line A a, and a telocity 
depending on the vnrj mg intensity of the acting caueca dur 
ing the periofl of the nodes This velocity, however, being 
oxtremelj email, when A cornea to B C D, h , the line A « 
will have taken up tho positions B f, C c, I) d, E c, and tlic 
earth’s polo « will thu« in one tropical revolution of the 
node, have arnvcil nt e, having (l(r>cnlH il not an cxattly cir* 
cular arc a but n sid^Io undulation of a waveshape or 
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epicydoidal cdtvc, a h c d e, wiili a velocity alternately 
greater aod less than iU mean motioc, and this will be re- 
peated in every succeeding revolution ol the node. 

(619.) Now this Is precisely the kind of motion which, as 
we have seen in arL 8^, the pole of the earth’s equator 
really has round the polo of the ecliptic, in consequence of 
the joint cflects of precession and nutation, which arc thus 
uranographically represented. If we superodd to the cfTcot 
of lunar precession that of the solar, which alone would 
cause the pole to desenbo a circle uniformly about P, this 
will only affect the undulations of our waved curve, by ex- 
tending them in length, but will produce no effect on the 
depth of the waves, or the excursions of the earth’s axis to 
and from the polo of tUo ccUpUc. Thus we see that the two 
phenomena of nutatiou and precision are intimately con* 
nected, or rather both of them essential consutuent parts of 
one and the same phenomeaon. It is hardly necessary to 
state that a rigorous analysis of this great problem, by an 
exact estimation of all the actiog forces and summation of 
their dynamical effects, leads to the precise value of the 
coefficients of precession and notation, which observation 
assigns to them. The solar and lunar portions ol the pre- 
cession of the equinoxes, that is to say, those portions which 
are uniform, are to each other m the proportion of about 
2 to 6. 

(650.) In the nutation of the earth’s axis we have an ex- 
ample (the first of its kind which has occurred to us) of a 
periodical movement in one part of the system, giving rise 
to a motion having the same precise period m another. The 
motion of the moon’s nodes is here, we see, represented, 
though under a very different form, yet m the same exact 
periodic time, by a movement of a peculiar oscillatory kind 
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imprcssod on the solid innss of the earth. We must not let 
the opportunity pass of goneralizing the principle involved 
in this result, as it is one svhich sre shall find again and again 
csomplified lu every part of physical astronomy, nay, in 
every department of natural science. It may be stated as 
‘'the principle of forced oscillations, or of forced vibra* 
tions,” and thus generally announcedt^ 

If one pari of any system connected either hy material ties, 
or hy die mutual atlraettona of tis memlers, he continually 
mninlninerf by any cause, tchether inherent tn Oie constitution 
of the system or external to it, in a stale of regular periodic 
motion, that motion will be propagated throughout the whole 
system and tall give rise, in every member of it, and in every 
part of each membei, to periodic movements executed in equal 
period, with dial to which they owe their origin, though not nec- 
essarily synchronous with them tn their maxima and minimrt.* 

The system may be favorably or unfavorably constituted 
for such a trausfer of periodic movements, or favorably in 
some of ita parts and unfavorably in others, and accordingly 
as it is the one or the other, the derivative oscillation (as it 
may be termed) will be imperceptible in one case, of appre- 
ciable magnitude in another, and even more perceptible in 
Its visible oSects than the original cause m a third; of this 
last kind we have an instance in the moon's acceleration, to 
be hereafter noticed 

(651.) It so happens that our situation on the earth, and 
the delicacy which our observations have attained, enable ns 
to make it as it were an instrament to feel these forced vibra- 
tions — these derivative motions, communicated from various 

' See a demonatration of Ibia Iheoreni for the forced nbrationa of sj-gtem, 
twiMwiVtf bj- nraiVna/ ties oi n ofKrSfee aitseicn'fi at toy jrtswiSnf tnr Anniu", 
Eneyc Metrop art. 323 The demonatnlion is easily extended and general 
ized to take in other e^gtema. 
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quarters, especially from our near neighbor, the moon, much 
in the same way as we detect, by the trembling of a board 
bencalb us, the secret transfer of motion by which the 
sound of an organ pipe is dispersed through the air, and car 
ned down into the earth Accordingly, the monthly revo 
Intion of the moon, and the annual motiou of the sun, pro 
dace, each of them, email nutations in the earth’s axis, 
whose periods are respectirely half a month and half a year, 
each of which, in this view of the subject, is to be regarded 
as one portion of a period consisting of two equal and stmi 
lar parts But the most remarkable instance, by far, of this 
propagation of penods and one of high importance to man 
kind, is that of the tides, which are forced oscillations cx 
cited by the rotation of the earth m an ocean disturbed from 
Its figure by the varying attractions of the sun and moon, 
each revolving m Us own orbit and propagating its own 
period into the joint phenomenon The explanation of the 
tides, however belongs more properly to that part of the 
general subject of pertuebations which treats of the action 
of the radial component of the disturbing force, and is there 
fore postponed to a subsequent chapter 
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THEORY OP THF AXES, PERIHELIA, AND EXCENTR10IT1E3 
'iDcipiunt ou^t procedcfo menses ’’—Visa PoBu) 

YanaUoa of Flcmonts in Qcnorftl--DistiDCt)on Between Periodic end Sec 
ulsr Vorialioas — Geometrical Expreasioi^ of Tangentint and Normal 
lorcca — Variation of the Uajor Axis Produced only (be Tatisential 
Force— Lagrango'e Tiieorem of the Consorrstion of the Ifean Dla 
tanecs and Penoda — Theory of the Perihelia and Pieeatncilies — 
Geometrical Reprcaentsiion of their ifomentary Torlatloas— Bstima 
tiOQ of the Disiurblog Forces la Nearly Circular Orbits— Application 
to the Case of iho Uoon— Theory of the Lunar Apsides and Ezeen 
irScity— Experimental IlUistratlon— Application of tbe Foregoing Fna 
ciplee to the Planetary Theory— Compensation id Orbits sery Nearly 
Circular— Effects of Ellipbcity— General Results— Lagraoge’s Theorem 
of tbe Stability of the Eiceotricites 

(652 ) In the foregoing chapter we have sufficientlj 
explained the action of the orthogonal component of the 
disturbing force, and traced it to its results in a continual 
' displacement of the plane of tbe disturbed orbit, in virtue 
of which tbe nodes of that plane alternately advance and 
recede upon the plane of the disturbing body’s orbit, with 
a general preponderance on the side of advance, so as after 
tbe lapse of a long period to cause the nodes to make a com* 
plete revolution and come around to their former situation. 
At the same time the inclination of the plane of the dis 
turbed motion continually changes, alternately increasing 
and diminishing, the increase and diminution however com- 
pensating each other, nearly in single revolutions of the 
disturbed and dosturluj^g' hodifs^ xonre nxaeJjy jn 
and with perfect accuracy m long periods, such as those 
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of a complete rerolation of tbo codes and apsides In the 
present and follo\nng chapters wo shall endeavor to trace 
the effects of the other components of tho dwtnrbing force — 
those which act in the plane (for tbo time being) of tho dis- 
tnrbcd orbit, and which tend to derange the clliptio form of 
tho orbit, and tho laws of elliptic motion in that plane 
The small inclinatwm, generally speaking, of the orbits 
of the planets and satellites to each other, permits us to 
separate these effects in theory one from the other, and 
thereby greatly to simplify their consideration Accord 
ingly, m what follows, we shall throughout neglect the 
mntaal inclination of the orbits of the disturbed and dis 
turbing bodies, and regard all the forces as acting and all 
tho motions as performed m one plane 

(653 ) In considering the changes induced by tbo mutual 
action of two bodies in different aspects with respect to each 
other on the magnitudes and forms of tbeir orbits and in 
their positions therein, it wiU be proper in the first instance 
to explain the coaventions under which geometers and 
astronomers have alike agreed to use the language and laws 
of the elliptic system, and to continue to apply them to 
disturbed orbits, although those orbits so disturbed are no 
longer, in mathematical strictness, ellipses or any known 
curves This they do, partly on account of the convenience 
of conception and calculation which attaches to this system, 
but much more for this reason — that it is fonnd and may 
be demonstrated from the dynamical relation of tho case, 
that the departure of each planet from its ellipse as deter 
tamed at any epoch, is capable of being truly represented, 
by supposing the ellipse itself to be slowly variable to 
change its magnitude and excentncity and to shift its 
position and the plane in which it lies according to certain 
AsiboJiOkt-- T ol XX— a 
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laws, while the planet all the time continues to more m 
this ellipse, just as it would do if tbe ellipse remained 
invariable and the disturbing forces had no existence Bj 
this way of considering the subject, the whole effect of the 
disturbing forces is regarded as thrown upon the orbit, 
while the relations of the planet to that orbit remain un 
changed This coarse of procedure, indeed, is the most 
natural, and is in some sort forced upon us by tbe extreme 
slowness with which the variations of the elements, at least 
where the planets only are, concerned, develop themselves 
For instance, the fraction expressing the excentricity of the 
earth’s orbit changes no more than 0 OOOOi in its amount in 
a century, and the place of its perihelion, as referred to the 
sphere of the heavens, by only 19 89' in tbe same time 
For several years, therefore, it would be next to impossible 
to distinguish between an ellipse so varied and one that had 
not varied at all, and in a single revolution, the difference 
between the original ellipse and tbe curve really represented 
by the varying one, is so excessively minute, that, if ac 
curately drawn on a table, six feet in diameter, the nicest 
examination with microscopes, continued along the ^^holo 
outlines of the two curves, would hardly detect anj per 
ceptible interval between them Not to call n motion «o 
minutely conforming itself to on elliptic curie, clhpUc, 
would be aflcotation, even grantiug the existence of trivial 
departures alternately on one side or on tlio other, though, 
on tbe other hand, to neglect a ^aTlaUon, which continaes 
to accumulate from age to ago, till it forces itself on our 
notice, would bo wilful blindneis 

(654) Geometers tben, ba\e agreed in each single rc\o 
lution, or for any moderate interval of time, to regard ilio 
motion of each planet as elliptic, and performed according 
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to Kcpler’a laws, with a reserve in favor of thoae very atnall 
and transient flnctuatioDS which take place within that time, 
but at the same time to regard all the eUments of each ellipse 
aa m a continual, though extremely alow, state of change, 
and, in tracing the effects of pcrtnrbation on the system, 
they take account principally, or entire!}, of this change of 
the elements, os that upon which any material change in the 
great features of the aystem will nltimately depend 

(655 ) And here wc encounter the distinction between 
what are termed secular vanations and such os ore rapidly 
periodic, and are compensated in short intervals In our 
exposition of the vanation of the inclination of a disturbed 
orbit (art 636) for instance, wc showed that, in each single 
revolution of the disturbed body, the plane of its motion 
underwent fluctuations to and fro in its inclination to that 
of the disturbing body which nearly compensated each 
other, leaving, however a portion outstanding which again 
18 nearly compensated by the revolution of the disturbing 
body, yet stall leaving outstanding and uncompensated a 
minute portion of the change which requires a whole revo 
lotion of the node to compensate and bring it back to an 
average or mean value Now the first two compensations 
which are operated by the planets going through the sue 
ceosion of configurations with each other and therefore m 
comparatively short periods, are called periodic variations, 
and the deviations thus compensated are called inequalities 
depending on eonjigurations , while the last which is oper 
ated by a period of the node (one of the elements) has noth 
ing to do with the configurations of the individual planets 
requires a very long period ol time lor its consuramation, 
and IS therefore, distingoished from the former by the term 
secular variation 
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(653 ) It is true, tlint, to aiTonl an exact representatfon 
of the motionn of a diatarbed bod^, whether planet or 
aatcllito, both pcnodical and nccnlar varmUona, with their 
corrcaponding incqualitjc*, require to bo expressed; and, 
indeed, the former o\cn more than the latter, seeing tint 
the secular inequalities are, in fact, nothing but what re 
mains after the mutual destruction of a much larger amount 
(as It \cr} often is) of periodical But these are in their 
nature transient nnd tcmporaiy* 11107 disippenr in short 
p"nods, nnd leave no trace Tho planet is temporarily 
clriwn from its orbit (its slowly varying orbit), but forth- 
with returns to it, to deviate presently ns much the other 
way, while the varied orbit accommodates and adjusts itself 
to tho B^orago of these excursions on either side of it, and 
thus continues to present, for & succession of indefinite ages, 
n hind of medium picture of all that the planet has bceu 
doing in their lapse, in which the expression and character 
IS preserved, but the individual features are merged and 
lost These periodic inequalities, however, are, as we have 
observed, by no means neglected, but it is more convenient 
to take account of them byo separate process, independent 
of the secular ^arlatlons of the elements 

(657 ) In order (0 avoid complication, while endeavoring 
to give the reader an insight into both kinds of variations, 
we shall for the present conceive all the orbits to be in one 
plane, and confine our attention to the case of two only, that 
of the disturbed and disturbing body, a view of the subject 
winch (as we have seen) comprehends the case of the moon 
disturbed by the sun, since any one of the bodies may be 
regarded as fixed at pleasnre, provided we conceive all its 
mofioas tranaferretf ru a coftCmfy rfrmrtrcm Or each of the 
others Let therefore A P B be the undisturbed elliptic 
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otbit o! ft planet P , il a diatarbing body, )om M P, and 
Buppoaing M K. = M S take M N : il K :: il K' : M P*. 
Then if S K be joined, K S will represent the disturbing 
force of M on P, on the same scale that S M represents K’s 
attraction on S Suppose Z P Y a tangent at P, S Y per* 
pcndwnlar to it, and N T, N L perpendicular respectively 
to S Y and P S produced. Then will N T represent the 
tangential, T S the normal, N L the transversal, and h S 
the radial components of the disturbing force. In circular 
orbits or orbits only slightly elliptic, the directions P S L 



and S y are nearly coincident, and the former pair of forces 
will diSer bat slightly from the latter We shall here, bow 
ever, take the general cose, and proceed to investigate in an 
elliptic orbit of any degree of excentncity the momentary 
changes produced by the action of the disturbing force in 
those elements on which the magnitude, situation, and form 
of t\ie orbit depend (t e the length and position of the major 
axis and the excentncity), in the same way as in the last 
chapter we determined the momentary changes of the in- 
clination and node eimilarly produced 'by fbe oifnogoaal 
force 

(658) We shall begin with the momentary variation in 
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tho of tho axis, an element of tlie first importance, 

as on It depenil (art 487) the penodio time and mean angu- 
lar motion of the planet, as wcH ns the average supplj of 
light and heat it receives m a given time from the sun, any 
permanent or constantly progressive change in which would 
niter most materially the conditions of existence of living 
beings on its surface Now it is a property of elliptic 
motion performed under the influence of gravity, and in 
conformity with Kepler’s laws, that if the velocity with 
which a planet moves at any point of its orbit bo given, 
and also the distance of that point from the sun, the major 
axis of the orbit is thereby also given It is no matter in 
what dtrechen the planet may be moving at that moment 
This will influence the exceutncity and the position of its 
olhpse, but not its length This property of elhptio motioa 
has been demonstrated by Newton, and is one of the most 
obvious and elementary conclusions from his theory Let 
us now consider a planet describing an indefinitely small 
arc of Its orbit about the sun, under the joint influence of 
ita attraction, and the disturbing power of another planet 
This arc will hare some certain curvature and direction, 
and, therefore, may be considered as an arc of a certain 
ellipse described about the sun os a focus, for this plain 
reason — that whatever be the curvature and direction of 
the arc in question, an ellipse may always be assigned, 
whose focus shall be in the sun, and which shall coincide 
with it throughout the whole interval (supposed indefi 
mtely small) between its extreme poiuts This is a matter 
of pure geometry It does not follow, however, that the 
ellipse thus instantaneously determined will have the same 
elements as that similarly determined from the arc described 
in either the previous or the subsequent instant If the dis 
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tnrbmg force did not exist, Ihw would bo the cise, but, by 
its action a ranation of'tho element from in<itant to instiot 
13 produced, and the ellipse so determined is m a continual 
state of change Nowf when tlie planet has reached the end 
of the small arc under conatderatton, the question \rliether 
it will in the next instant describe an arc of an ellipse liai 
ing the same or a varied axis will depend, not on the new 
direction impressed upon it by the acting forces — for the 
axis, as wc hare seen, is independent of that direction — 
not on Its change of distance from the sun while dcacnbing 
the former arc — for the elements of that arc are accommo 
dated to u, so that ooe and the same axis must belong to 
its beginning and its end The question, in short, whether 
in the next ate it shall tahe up a new major axis or go 
on with the old one will depend solely on this— whether 
Its teloeiiy has or has not undergone a change by the ac 
tion of the duturiinj force For the central force residing 
ID the focus cau impress on it no such change of velocitj 
as to be incompatible with the pennaoence of its ellipse, 
seeing that it is by the action of that force that the velocity 
is maintained in that doe proportion to the distance which 
elliptic motion as such, requires 

(659 ) Thus we see tbit the momentary variation of the 
major axis depends on nothing but the momentary deviation 
from the law of elliptic velocity produced by the disturbing 
force, without the least regard to the direction in which that 
extraneous velocity is impressed or the distance from the 
sun. at which the planet may be situated, at the moment of 
its impression Kay, we may even go further, for, as this 
bolds good at every instant of its motion, it will follow 
that after the lapse of any time however great the total 
amount of change which the axis may have undergone will 
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bo detenniaod only by tho total donation produced by the 
action of tho disturbing forco in the velocity of the dis 
torbed body from that trbtcli it would have had in its un 
disturbed ellipse, at the same distance from the centre, and 
that therefore the total amount of change prodoced m the 
axis in nnj lapse of lime mnj be estimated, if we know at 
every inaianl the efficacy of the disturbing force to alter 
the velocity of the body s motion an I that will out any 
regard to the alterations which the action of that force 
may have prodoced in the other elements of tl e moCion 
in the same time 

(660 ) Now it IS not the whole disturbing force which is 
effective in changing Ps velocity but only its tangential 
component The normal component tends merely to alter 
the curvature of the orbit or to deflect it into conformity 
with a circle of curvature of greater or lesser radios as the 
case may be and in no way to alter the velocity Hence 
It appears that tl e lartalton of the length of tie axts ta duo 
entirely to U e tangential force and u quite independent on the 
normal Now it is easily shown that as the velocity on 
creases the axis increases (the distance remamiag anal 
tered) though not in the same exact proportion Hence 
it follows that if the tangential disturbing force conspires 
with the motion of P its momentary action increases the 
Axis of the disturbed orbit whatever be the situation 
of P in its orbit and vice verad 

(661 ) Let A S B {fig art 6o7) be the major axis of the 
ellipse APB and on the opposite side of A B take two 


It a ba iba sem axje r tbe rad ns TecBw and v the ve oc tj- of P m soy 
po nt of &a eU pse a is girea bf the teSatha tie omte 0{ reloe Cy and 

fo ce properly asauioed. 
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points P and M', similarly aitnated with respect to the axis 
with P and M on their aide Then if at P and II bodies 
eqnal to P and M bo placed, the forces exerted b} JI on 
P and S will be equal to those exerted bj M on P and 
S, and therefore the tangential disturbing force of il' 
on P exerted in the direction P Z (snppose) will equal 
that exerted by M on P m the direction P Z P therefore 
(auppoaing it to reioUc in the same direction round S aa P) 
will be retarded (or accelerated ns the case may be) b^ pre 
etsely the same force by which P is accelerated (or retarded) 
BO that the TanatiOQ in the axis of the respectue orbits of 
P and P will bo equal in amount but contrary in charnc 
ter Suppose now M s orbit to be circular Then (»/ 
periodic Imei of U and P ht not commensurafe m t/ai a 
moderate numfier cf mofutione moy Iru y them lack to the 
tame preette relative pontiont) it will necessarily happen, 
that in the course of a very great number of rerolations 
ol both bodies P wiH have been presented to U on one 
Bide of the axis at some one moment id the same manner 
as at some other moment on the other U hatcrer laria 
tion may have been efiected in its axis in the one situation 
Will have been reversed in that symmetrically opposite and 
the ultimate result on ft general average of an indnite num 
her of revolutions will be a complete and exact compen 
sation of the variations in one direction by those m the 
direction opposite 

(662) Snppose next Ps orbit to be circular If now 
M 6 orbit were so also it is evident that m one complete 
synodic revolution an exact restoration of the axis to its 
wsasid Sake- place hftnauao the taiigeaifai 
forces would be symmetncally equal and opposite during 
each alternate quarter revolntion But let M during a 
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sjnodio revolution, liavo receded somowhat from S, thea 
will Its disturbing power bare bocorao gradually weaker, 
BO that, ID a Rjnodio rovolutton tbo tangoutial force in 
caoh quadrant, though reversed m direction being info 
nor in power, an exact componeation will not have been 
olTectcd, but there will bo loft an outstanding uncompon 
Bated portion, the excess of the stronger over the feebler 
ofTccts But DOW suppose M to approach by tho same gra 
dations as it before receded It is clear that this result 
will be reversed, since tho nncompensited stronger actions 
Will all lie in the opposite direction Now suppose M’a 
orbit to bo elliptic Then dunng its recess from S or m 
tho half revolution from its perihelion to its aphelion, a 
continual uncompensated venation will go on accumulating 
in ono dirootiOQ But from what has been said, it is clear 
that this will be destroyed, during M s approach to S m 
tho other half of its orbit, so that here again, on the aver 
ago of n multitude of revolutions during which P ha$ been 
presented ter if «« every atiuaUonfor every dtsianee o/M from 
S the restoration will be effected 

(663 ) If neither P s nor H e orbit be circular, and if 
moreover the directions of therr ores be different this rea* 
sonmg Srawn from the symmetry of their relations to each 
other, does not apply, and it becomes necessary to take a 
more general view of the matter Among the fundamental 
relations of dynamics relations which presuppose no par 
ticular law of force like that of gravitation, but which 
express in general terms the results of the action of force 
on matter during time to produce or change velocity la one 
usually cited as the Pnnciple of the conservation of the 
vee vtt'a which applies diiectly to tbe case before irs 
This principle (or rather this theorem) declares that if a 
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boily subjected at every instant of its motion to the action 
of forces directed to fixed centres {no matter bow nuincr 
oua), and bavmg tbcir intensity dependent onlj on the dis 
tances from their rcapecUto centres of action, travel from 
one point of space to another, the velocity which it has on 
Its arrival at the latter point will differ from that which 
It had on setting ont from the former, by a quantity do 
pending only on tbe different relative situations ol these 
two points in space, without the least reference to tbe form 
of the curve in which it may have moved in passing from 
one point to the other, whether that curve have been dc 
Ecnbed freely under tbe simple inQuencc of the central 
forces, or the body have been compelled to glide upon 
it, 03 a bead upon a smooth wire Among the forces thus 
acting may be included any constant forces, acting m paral 
lei directions, which may be regarded os directed to fixed 
centres infinitely distant It follows from this theorem, 
that, if the body return to the point P from which it set 
out, Its velocity ot arrival will be the same with that ot 
Its departure, a conclusiou which (for tbe purpose we have 
IQ view) sets tis free from tbe necessity of entenng into 
any consideration of tbe laws of the disturbing force, the 
change which its action may bare induced m the form of 
the orbit of P, or the successive steps by which velocity- 
generated at one point of its intermediate path is destroyed 
at another, by the reversed action of the tangential force 
Kow to apply this theorem to tbe cose in question, let M 
be supposed to retain a fixed position dunng one whole 
revolution of P P then is acted on, during that revolu 
tion, by three forces Ist, by the central attraction of S 
birectefi a’lways to S, >17 ftiat to Ifi, jfiways fiirectefi 
to H, Sd, by a force equal to M a attraction on S, but in 
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the direction if S, which therefore is a constant force, not* 
mg always m parallel directions On completing its revo 
lutioD, then, P ’s velocity, and therefore the major axis of 
its orbit, will be found unaltered, at least neglecting that 
excessively minute difference which will result from the 
non arnval after a revolution at the exact point of its de- 
parture by reason of tbe perturbations in the orbit produced 
in the interim by the disturbing force, which for the present 
we may neglect 

(664 ) Now suppose M to revohe, and it will appear, 
by a reasoning precisely similar to that of art 662, that 
whatever nncompenaated variation of the velocity arises in 
successive revolutious of F during M’s recess from S will 
be destroyed by contrary uncompensated variations arising 
during Its approach Or, more simply and generally thus 
whatever M s situation may be, for every place which P 
^can have there must exist some other place of P (as P*), in 
which the action of M shall be precisely reversed Now 
rf the pertods he tneommensuralU, in an indefinite number 
of revolutions of both bodies for every possible combina 
tion of situations (M, F) there will occur, at eome time or 
oOier, the combination (M, P) which neutralizes the effect 
of the other, when carried to the general account, so that 
ultimately, and when very Jong periods of tune are era 
braced, a complete compensation will be found to be 
worked out 

(665 ) This supposes, however, that in such long periods 
the orbit of M is not so altered as to render the occurrcnco 
of the corapensatiBg sUaaUon (AT, P) imposaible This 
would bo the case if M s orbit were to dilate or contract in 
by a vtinatiow in axis Bvit. vhe aame leason 
mg which applies to P, appbes olso to M P retaining a 
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fixed aituatiQQ, M s vcloctiy^ aod theretoro tho asis of its 
orbit, would be exactly restored at the end of a reiolution 
of U , 80 that for every position P M there exists a compen 
sating position P M' Thus M b orbit is maintained of tbo 
same magnitude, and the possibility of the occurrence of the 
compensating situation (M, P*) is secured 

(006 ) To demonstrate as a rigorous mathematical truth 
the complete and ahsolate ultimate compensation of the 
variations m question, it would be requisite to show that 
the minute outstanding changes due to the non arriials of P 
and if at the same exact points at the end of each revolution, 
cannot accumulate m the course of infinite ages in one direc 
tion. Now It will appear in the Bubsequent part of this 
chapter, that the effect of perturbation on the cxcentricitiee 
and apsides of the orbits is to cause the former to undergo 
only periodical vanattons, and the latter to revolve and take 
up in succession every possible situation Hence in the 
course of infinite ages, the points of arrival of P and M at 
fixed lines of direction, S P, S M in successive revolutions, 
though at one time they will approach S, at another will re 
cede from it, fluctuating to and fro about mean points from 
which they never greatly depart And if the arrival of 
either of them as P, at a point nearer S, at the end of a com 
plete revolution, cause an excess of velocity its arrival at a 
more distant point will cause a deficiency, and thus, as the 
fiuctuations of distance to and fro ultimately balance each 
other, 80 will alao the excesses and defects of velocity, 
though in periods of enormous length, being no less than 
that of a complete revolution of P s apsides for the one 
cause of ineqnahty, and of a complete restoration of it» ex 
centncity for the other 

(667 ) The dynamical proposition on. which this reasoning 
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Ift N pcnpnl, anti applim r^uallr well Jo cwa wherein 
the Ret in one plane, or nn. ihrcclcj lo cenlnx any* 

where Mtuatt.ll m apace lUnce. if we lake into conaulera 
tioij the inclination of P a orhit to that of M, the eaino rta 
1‘oninp will nj>plv Only that In }hi« ca<ie, ujvm a complete 
roioluiion of I' the aarmtion of jnclination anil the moltoo 
of the noden of P a orlutwill prevent lu returning to a ])oint 
in tlie exact plant of lU original orhit, a« that of the cxccn 
triritj anil pirihehnn preicnt tM amial at the came exact 
distance fmm b Put rinco it ha* been ahown that the inch 
nation fluctuates round a mean elate from which it ne\cr<lc 
parts much, and since the node revulies and makes n com 
plctecirtuii It iM obvioua that m a complete period of the 
latter the points of arrival of Pot the same longitude nrJl 
tlcatate as often and by the same quantities aboio os below 
Its onginaf point of departure from exact coincidence, ond, 
Ihcrcfoa that on the aicrogo of an infinite number of revo 
lutions, the effect of this cause of non compcn<>ation will nl&o 
bo destroyed 

(C(>8 ) It IS oMdent also, that the dynamical proposition 
in question being gcnorol, and apply ing equally to any nuin 
ter of fixed centres, as well ns to any distribation of them in 
space, the conclusion would be precisely the same whatoi er 
bo tho number of disturbing bodies, only that the periods of 
componsalJon would become more intricately iniolred Wo 
are, therefore, conducted to this most remarkable and impor 
tant concJusion, viz that tho major axes of tho planetary 
(and lunar) orbits, and, consequently, also their mean mo 
tions and periodic times, are subject to none hut penodical 
changes, that the length of the year, for example, in the 
lapse of infinite ages, has no preponderating tendency either 
to increase or diminution — that the planets will neither re 
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cede indefiDttclj from the son, nor fall into it, bnt continae, 
80 far as tbeir mntaal perturbations at least are concomed, 
to roTolvo forever in orbits o! very nearly the same dimen* 
sions as at present. 

(669 ) This theorem (the Jfagna Charta of our system), 
the discovery of which is doe to Lagrange, is justly regarded 
as the most important, as a stogie result, of any which have 
hitherto rewarded the researches of mathematicians in this 
application of their science, and it is especially worthy of 
remark, and follows evidently from the new here taken of 
It, that it wonld not be true but for the tndnence of the per 
tnrhing forces on other elements of the orbit viz the pen 
helion and exeeotrcity, and the inclination and nodes, since 
we have seen that the revolotion of the opsides and nodes, 
and the pcnodical increase and diminutioa of the exccntrioi 
ties and lochnattons, are both essential toward operating 
that final and complete compensation which gives it a char 
acter of mathematical exactness We have here an instance 
of a perturbaiion of one kind operating on a perturbation of 
another to annihilate an efiect which would otherwise ao 
cumulate to the destrnction of the system It must, bow 
ever, be borne m miod, that it is the smallness of the ezeen 
tncities of the more innaential planets, which gives this 
theorem its praeitcal importance, and distinguishes it from a 
more barren specnlative result. Within the limits of ulti 
mate restoration, it is this alone which keeps the periodical 
fluctuations of the axis to and fro about a mean value within 
moderate and reasonable limits Although the earth might 
not fall into the sun, or recede from it beyond the present 
limits of our system, any considerable increase or diminu 
tion of Its mean distance to the extent for instance of a 
tenth of its actual amount, would not fail to subvert the 
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condjtjona on winch the CTistenec of the present race of ant 
mated beings depends Constituted as our system is, bow* 
ever, changes to anything liko this extent arc utterly pre 
eluded The greatest departure from the mean value of the 
axis of anj planetary orbit yet recognized by theory or ob 
Bcrvation (that of the orbit of Saturn disturbed by Jupiter), 
docs not amount to a thousandth part of its length ' Tbo 
effeets of these fluctuations, howca or, arc a cry sensible, and 
manifest tbemscUcs in alternate accelerations and retards 
tiona in the angular motions of the disturbed about the cen 
tral body, which cause it alternately to outrun and to lag 
behind ita tlUphc place in its orbit, giving rise to what are 
called equations in its motion, some of the chief instances of 
which will bo hereafter specified when we come to trace 
more particularly in detail the effects of the tangential force 
in various condgurations of the disturbed and disturbing 
bodies, and to explain the consequences of a near approach 
to commensurabihty m thoir penodio times An exact com 
tnensumbihty m this respect such, for instance, ns would 
bring both planets round to the same configuration in two or 
three revolutions of one of them, would appear at first sight 
to destroy on© of the essential elements of our demoostra 
tiOD But even supposing such an exact adjustment to sub 
&i8t at any epoch, it could not remain permanent since by 
a remarkable property of perturbations of this class, which 
geometers have demonstrated, but the reasons of which we 
cannot stop to explain any change produced on the axis of 
the disturbed planet s orbit is necessarily accompanied by a 
change in the contrary dir-clion in that of the disturbing so 


* Greater deviat ona w II probably ba found to ex st n tbo orb ta of the 
small extra t op cal planets But Uleae wo too ins gaibcant members of our 
eyatem to need special not ce in a work of lb a nslura 
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that the periods woald recede from commcasnrability bj the 
mere cftect of their matoal action Cases aro not wanting 
in the planetary system of a certain approach to commensui*' 
ability, and in one very remarkable case (that of tTranns and 
Keptnne) of a considerably near one, not near enongb, how* 
ever, in the smallest degree to affect the validity of the aign* 
ment, but only to give nse to inequalities of very long 
periods, of which more presently.* 

(670 ) The variation of the length of the axis of the dis* 
tarbed orbit is dne solely to the action of the tangential dis* 
tnxbing force It is otherwise with that of its excentncity 
and of the position of its axis, or, which is the same thing, 
the longitude of its perihelion Both the normal and tan- 
gential components of the disturbing force affect these ele 



ments "We shall, however, consider separately the infiu* 
ence of each, and, commencing, as the simplest case, with 
that of the tangential force, — let F be the place of the dis 
tarbed planet in its elliptic orbit APB whose axis at the 
moment is A S B and focus S Suppose Y P Z to be a tan 
gent to this orbit at P Then, if we sappose A B = 2 o the 
other focus of the ellipse, H, will be found by making the 

’ 41 revolul ona of Kept' ne »r« neari/ equal lo 81 of Uranoa giTiog nao 
to iaequal ty bar ng 4805 fesra for its vL 
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nnglo ZPH-yPSorYPII=: 180“— T P Z, or S P H 
— ISO'’— 2 Y P S, aad taking PII = 2a — SP This is evi 

dcut from tho nature of the ellipse, in irbich lines drawn 
from any point to the two foci make equal angles with the 
tangent, and have their sum equal to the major asis Sup 
pose, now, the tangential force to act on P and to increase 
Its velocity It will therefore increase the axis, so that the 
new value assumed by a (viz o') will be greater than a 
But the tangential force does not alter the angle of tan 
gency, so that to find tho now position (H) of the upper 
focus, we must measure off along Oie same line P H, a dis 
tanoe P H ( 5 = 2 a — S P) greater than PH Do this then, 
and join B H and produce it Then will A B be the new 
position of the axis, and (SB. the new excentncity Hence 
we conclude, 1st, that the new position of the perihelion A 
will deviate from the old one A toward the same side of the 
axis A B on which F is when the tangential force acts to 
increase the velocity whether P be ttoving from perihelion 
to aphelion or the contrary 2dly, That on the same sup 
position as to the action of the tangential force the excen 
tricity increases when P is between the perihelion and the 
perpendicular to the axis F H Q drawn through the upper 
focus, and dimmishes when between the aphelion and the 
same perpendicular Sdly, Thai for a given change of 
velocity I e for a given value of the tangential force, the 
momentary variation in the place of the perihelion is a maxi 
mum when P is at F or 6 from which situation of P to the 
perihelion or aphelion it decreases to nothing the penhel 
ion being stationary when P is at A or B 4th)y, That the 
variation of the excentncity due to this cause is complemen 
tarf la its desrroaso t/> thsi ■/>! ibt. pen 

helion, being a maximum for a given tangential force when 
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P IS at A or B, and vanishing when at G or F And lastlj, 
that where the tangential force acts to dimmish the \eI 0 c 1 t 7 , 
all the^e results are reversed I! the orbit bo very nearly 
circular* the points F, G, will be so sitnated that although 
not at opposite cxtremitiea of a diamtter, the times of de 
“cribing A F, F B, B G, and G A will be all equal and 
each of course one quarter of the whole periodic time of P 
(C71 ) Let us now consider the effects of the normal com 
poneat of the distarbtng force upon the same elements 
The direct effect of this force is to increase or dimmish the 
curvatore of the orbit at the point P of its action, without 



producing any change on the velocity so that the length of 
the axis remains unaltered by its action Now an increase 
of curvature at P is synonymous with a decrease m the 
angle of tangency SPY when P is approaching toward S, 
and with an increase in that angle when receding from 
S Suppose the former case and while P approaches S 
(or 13 moving from aphelion to perihelion) let the normal 
force act tnicard or toward the concavity of the ellipse 
Then will the tangent P Yby the action of that force have 
taken up the position P Y To find the corresponding 
position H taken up by the focus of the orbit so disturbed 


* So no&rl^ tlial the cube of the ezeeotne ij mar neglected 
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WO mtiat mnko tho ftoglo S P 11' = ISO"*— 2 S P Y', or, 
which comes to tho same, draw P II* on tho side of P II 
opposite to S, making tho angle II P H' = twice tho anglo 
of deflection Y P Y' and in P H* take P H' = P II Join* 
ing, then, S 11 and producing it, A' S II' if' will bo tho 
new position of tho axis, A' tho new penhelion, and i S H 
the new excentncitj Honco wo conclude, 1st, that tho 
normal force acting intcard, jind P moving toward the pen 
hcUon, tho now direction S A of the perihelion la in ad* 
vance (with rcferenco to the direction of P’s revolution) of 
tho old-— or the apsides advance— when P is anywhere aita 
ntod between F and A (since when at F the point H falls 
upon n M between n and M) When P is at F the apsides 
aro stationary, but when P is anywhere between if and P 
the npaules retrograde, H m this case lying on the opposite 
side of tho axis 2dly, That tlio same directions of the 
normal force and of P’s motion being supposed, the ex 
centricity increases while P moves through the whole semi 
ellipse from aphelion to penbehon' — the rate of its increase 
being a maximum when F is at F, and nothing at the aphe 
lion and perihelion Sdly, That these effects are reversed 
in the opposite half of tho orbit, A G if, ic which P passes 
from perihelion to aphelion or recedes from S 4thly, That 
they are also reversed by a reversal of the direction of the 
normal force, outward, in place of inwartl 5tbly, That here 
also the variations of the excentncity and perihelion are 
complementary to each other the one lanation being most 
rapid when the other vanishes and vice vtrsa 6tbly, And 
lastly, that the changes in tho eituation of the focus H 
produced by the actions of tho tangential and normal com 
poneaCs of the disturbing force are at right angles to each 
other ID every situation of P, and therefore where the 



ouTXJMis or Asmo^oiir 


675 


tangential force is most efficaciona (in proportion to its 
intensity) m varying either the one or the other of the 
elements in question, the normal is least so, and vice tersd 
(672 ) To determine the momentary effect of the whole 
disturbing force then, wo have only to resolve it into its 
tangential and normal components, and estimating by these 
principles separately the eflects o! either constituent on both 
elements, add or subtract the results according as they con 
spire or oppose each other Or we may at once make the 
angle II P JI* equal to twice the angle of deflection pro 
dneed by the normal force, and lay off P II' =s P H + twice 
the variation of a produced m the same moment of time by 
the tangential force, and JH' will be the new focus The 
momentary velocity generated by the tangential force is 
calculable from a knowledge of that force by the ordinary 
principles of dynamics, and from this, the variation of the 
oiEis IS easily derived * The momentary velocity generated 
by the normal force in its own direction is in like manner 
calculable from a knowledge of that force, and dividing this 
by the linear velocity of F at that instant, we deduce the 
angular velocity of the tangent about P or the momentary 
variation of the angle of taogency SPY, corresponding 
(673 ) The following r6sum( of these several results m a 
tabular form includes every variety of case according as 
P 13 approaching to or receding from S as it is situated 


‘ 12 . ,12 ,.11 

— and-— "V* — a”** — - 4 - v*) (« — v ) or when m 

So tesuD&l Taruit oos ontjr sre coos dored— — 2v (v*— o) or a — a— 2a‘o(i>~ o) 

from vhich it appears that the variatoa of the axis ana nfr from a g ren 
xar ut on o( TClociCf a Ddepeodant of r or is tbe aame at whatever d stance 
Imm S tl e c) a [m ti Vee place aod tliM entens par^mt it IS grtaUr for a g ven 
cl n-e t velocuT (or for a g \eo langeotlal force) in iA« tltresl ratio of <A« vetoc 
ityiKlf 
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in the arc F A G of ita orbit a&ou/ On perihelion or in tho 
remoter arc G M F alout (he aphelion^ as the tangential force 
acceleratea or retards the (listnrbccl botl^, or as the normal 
acts iJiwartZ or outward with reference to tho concavity of 
the orbit. 

EFPFCTS OP THE TANOENTIAL DISTtmPINO FORCE 


mrectloa of p's Bjfr 
tion. 

SltOAtloo Of p In or. 

tJt. 

Action of TM^n' 
tialVoroe. 



AnjrwJisr* 

Ditto 

Ditto 

Ditto 

about Apltolioa 
Ditto 

About r«rU>elioa 
Ditto 

Aoceloratlof P 
RetardiD^ P 
Aceclentinff P 
Retardiof; P 
Accelerating P 
Bctsrdlog P 
AceelemUDg P 
Beierdioff P 

H 


EFFECrrS OF THE KORlIAL DISTURBINO FORCE 


Duectloo of Fs m> 
tlon. 

Situation of p la or- 

Action of Komal 
Force 

Effect on Slemeota 

Indifferent 

Ditto 

Ditto 

Ditto 

Approaching 8 
Ditto 

Receding from B. 
Dilto 

About Aphelion 
Ditto 

About PciibehoD 
Ditto 

Anywhero 

Ditto 

Ditto 

Ditto 

Inward 

Outward 

Inward 

Outward 

Inward 

Outward 

Inward 

Outward 

Apeidea recede 
adrance 
adrance 

Ezeeotr Increases 
deereasee 
decreases 
increases 


(674 ) From the momeDtary changes jn the elements of 
the disturbed orbit corresponding to successive situations 
of P and if, to conclude the total amount of change pro 
duced in any given time is the business of the integral cal 
cuius, and lies far beyond the scope of the present work 
Without its aid, however, and by general considerations 
of the periodical recurrence of configurutions of the same 
character, we have been able to demonstrate many of the 
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most interesting conclusions to TPbtcb geometers bsTe been 
conducted examples of wbicb bare already been given in 
tbo reasoning by wbich the pennanence of the axes, the 
periodic ty of the inc'linations, and the revolutions of the 
nodes of the planetary orbits have been demonstrated We 
shall now proceed to apply similar considerations to the mo 
tion of the ap<«ide3, and the variations of the excentncities 
To this end we must ilrat trace the changes induced on the 
disturbing forces tbc'meelves, with tbo varying positions of 
the bodies, and here as m treating of the inclinations we 
shall suppose, unless the contrary is expressly indicated, 
both orbits to be very nearly circular, without which Umi 
tation the complication of the subject would become too 
embanassing for the readef to follow, and defeat the end 
of explanation 

(676 ) On this suppoMlion the directions of S P and S Y, 
the perpendicular on the tangent at P may be regarded os 
coincident, and the normal and radial disturbing forces 



become nearly identical in quantity, also the tangential and 
transversal by the near coincidence of the points T and L 
{ft;; art 6o7) So far then as the tntensily of the forces is 
concerned it will make >eiy little diHerencc in which way 
the forces are resolved, nor will it at all materially affect 
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oar coQolasions as to the effects of the eormal and taagentiat 
forces, if in cstlcmttiQg their quantitative valaes, fre take 
advantage of the simplification introdnced into their nomer* 
ical expression by the neglect of tlfb'nngle P S T, i.e. by 
the sabatitution for them of tbe radial and transversal com' 
ponents. Tbe cAarae^ of these effebta depends (arts. 670, 
071) on tbe direction in which tbe forces act, which we shall 
suppose normal and tangential as before, and it is^only on 
the estimation of their quantitative 'Effects that eq;or 
induced by tbe neglect of this angle can &!!. In the lunar 
orbit this angle never exceeds 3“ 10’, and its infiuence on 
the quantitative estimatton of the acting forces may there* 
fore be safely neglected m a iittrtj6pproxini8t»on. Now M N 
being found by the propoi^orf ^ P* : M S* : : M S : M N, 
N P (ssM N— If P) IS also koowi^ and therefore N L*N P. 
sin N P SaN P . sin (A S P-+S M P) and L S=P L- 
P S»N P cos N P S-P S=*N P . cos (A S P-fS U P) 
— S P become known, which express respectively the tan- 
gential and normal forces on tbe same scale that S H rep- 
resents M’s attraction on S.* Suppose P to revolve in the 
direction E A D B. Then, by drawing the figure in vari- 
ous situations of P throughout the whole circle, the reader 
will easily satisfy himself— 1st. That the tangential force 
accelerates P, as it moves from E toward A, and from D 

R* 

« MS— E, BP— r. MP— /, ASP— AMP— M, MN— NP— 
R*_/* / B . R‘\ 

^ — (B-V) whence ire here SL^R—/). eia(e4-U) 

(l+y + ^),L8— (B— /) coa(0-»-KJ (l^- Wlien R and 
/. oiriDg to the great distance at M, are ncarlj equal, we have R 
P V, — —1 nearly, and the angle M may be neglected , so that we have N P 
— 3PV, 
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toward B, hat retards it as it pMscs from A to D, and from 
B to E. 2dl) That the tangential force vanishes at the foar 
points A, B, E, B, and attains a maximam at some inter 
mediate points 8dly That the normal force is directed 
ontward at the ayzjgica A, B, and inward at the points 
D, E, at which points respeetivcty its outward and inward 
mtcQRities attain their maxima liostl^, that this force 
vanishes at points intermediate between A D, D B, B E, 
and E A, which points, when M is considenbly remote, 
arc situated nearer to the quadrature than the syzjgies 
(67C ) In the Innar theoty, to which we shall now pro 
ceed to apply these pnnctplca, both the geometrical repre* 
scntation and the algebraic expression of the disturbing 
forces admit of groat simplification Owing to the great 
distance of the sun M, at whose centre the radius of the 



moon’s orbit never EabteoilB an angle of more than about 
8, N P may be regarded as parallel to A B And BSE 
becomes a straight line coincident with the line of quadra 
tares, so that V P becomes the cosine of ASP, to radius 
S P, and h L=:N P sm ASP, L P=sN P cos ASP 
iloreover, in this case ^sco the note on the last article) 
U P=4^ P & P *y» ASP aJwl "K L 

=8 S F cos ASP. em A S F=| S P sin 2 A S P, and 
AsTBOtojrr — Vol XX— G 
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I;S=:S P<S C0.1 AS ?* — !)=! SP{l-fS . cos 2AS P) 
which \ aQiabcs when coa A S P*s=i, or at 14' from the 
fljzjgy Suppo^io through every point of P'b orbit there 
bo drawn S QsS S P cos A S P*, then will Q trace oat 
a certain looped oval, as in the figure, cutting the orbit in 
four points 64® 14 from A and B respectively, and P Q will 
always represent in quantity and direction the normal force 
acting at P 

(C77 ) It 18 important to remark here, because upon tbis 
Ibo whole lunar theory and cspcc aPy that of the motion 
of the apsides binges, that all the acting disturbing forces, 
at equal angles of elongation A S P of the moon from the 
aun, are c<eterts partlus proportional to S P, the moon’s 
distance from the earth, and are therefore greater when 



the moon is near its apogee than when near ita perigee, 
the extreme proportion being that of about 28 25 This 
premised let ua first consider the effect of the normal 
force in disphcing the Innar ajisides This we shall best 
be enabled to do by examining separately those cases in 
which the effects are most stroagly contrasted, viz when 
the major axis of the moon's orbit is directed toward the 
sun and when at right angles to that direction First, 
then, let the line of apsides be directed to the sun as in 
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the annexed figure, where A is the pengec, and take the 
arcs A < 1 , A i, B c, B tZ eachs=64* 14 Then while P is 
between a and b the normal force ncUng out's ard, and the 
moon being near its perigee, by art 671, the ap«ides will 
recede, but when between e and d the force there acting 
outward, but the moon being near its apogee, they will 
adiance The rapidity of these movements will be respect 
ively at its maxima at A and B not only becanse the dis 
tiirbiDg forces are then most intense, but also because (see 
art 671) they act most advantageously at those points to 
displace the axis Proceeding from A and B toward the 
neutral points abed the rapidity of their recess and ad 
vance diminishes and is nothing (or the apsides are sta 
tionary) when F is at either of these points From b to 
B, or rather to a point some little beyond D (art 671) acts 
mwaid, and the moon is still near pengee, so that in this 
arc of the orbit the apsides advance But the rate of ad 
vance is feeble, because in the early part of that am the 
normal force is small, aud as P approaches 1> and the force 
gains power, it acts disadrantageously to move the 
Its effect vanishing altogether when it arnvea beyond D at 
the extremity of the perpendicular to the upper focus of 
the lannr ellipse Thence up to c this feeble advauce is 
reversed and converted into a recess, the force still acting 
inward, but the moon now being near its apogee And so 
also for the arcs d B, E a In tbe figure these changes are 
indicated by ++ for rapid advance, — -—for rapid recess, 
4- and — lor feeble advance and recess, and 0 for the sta 
tionary points Now if the forces were equal on the aides 
of 4- and — it 13 evident that there would be an eimct conn 
ci inA «««'«. on. tha of % 

rcvolutioD But this IS not the case The force in apogee 
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H greater than that m pcngco la the proportjoo of 2S 25, 
vrlule in Iho qaadraturea about D and H the^ are equal 
Therefore, wlnlo the feeble movemonta + 
neighborhood of tbeae pointa destroy each other almost 
exactly, there will nccc'^sarily remain a consulerablo bal 
nneo in fat or of adrnnee, in ibis aituation of the lino 
of apojdcs 

(678 ) Next, aupposo the ajMjgeo to he at A, and the 
pcngco at B In this cose it is ondent that, so far os 
the direction of the motions of the apsides is concerned, nil 
the concluBions of the foregoing reasoning will bo reversed 
by the substitution of the word perigee for apogee, and tier 
tersd, and all the signs in the figure referred to will bo 
changed Out now the most powerful forces act on the 
side of A, that is to say, still on tbo side of advance, 
this condttma also being reversed In either situation of 
the orbit, then, the apsides advance 

(679 ) (Case S } Suppose, now, the major axis to have 
the situation D E nod the perigee to be ou the side of D 
Here, in tbo arc 6 c of P s motion tbo normal force acts 
inward, and the moon is near perigee, consequently the 
apsides advance, but with a moderate rapidity, the maxi 
mum of the inward normal force being only half that of 
the outward In the arcs A 6 and c B the moon is still 
near perigee, and the force acts outward, but though 
powerfully toward A and B, yet at a constantly increas 
ing disadvantage (art 671) Therefore in these ares the 
apsides recede, but moderately In c A and B d (being 
toward apogee) they again advance, still with a moderate 
velocity Lastly, throughout the arc d o, being about apogee 
with an inward force, they recede Here as before, if the 
perigee and apogee forces were equal, the advance and re- 
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ee*!^ would counterbalance, bat as m fact tbe apogee forces 
preponderate, there will be a balance on the entire revolu 
tion in favor of recess Tb© game reasoning of coarse holds 
good if the perigee be toward E But now, between these 
cases and those in the foregoing articles, there is this dii 
ference, viz that lu this the dominant effect results from 
the iDward action of the normal force in quadratures, while 
in the others it results from its outward, and doublj power 
lul action in syzygics The recess of the apsides in their 
quadratures arising from the action of the normal force 
will therefore be less than tbeir advance in their sjzjgies, 
and, not only on this account, but also because of the much 
less extent of the arcs b e and <f a on which the balance is 
mainly struck in this case, than of a 5 and ed, tbe*corre> 
spouding most inflaential arcs in the other 

(680) lo lutermediate situations of the line of apsides, 
the effect wiU be intermediate, and there wiU of course be 
a situation of them in which on an average of o whole 
revolution they are stationary This situation it xs easy 
to see will be nearer to the line of quadratures than of 
syzygies, and the prepooderance of advance will be mam 
tamed over a much more considerable arc than that of 
recess, among the possible situations which they can hold 
On every account, therefore, the action of the normal force 
causes the lunar apsides to progress in a complete revolu 
tion «>/■ 11 or m a synodical year, during which the motion 
of the sun round the earth ('is we consider the earth at 
rest) bnngs the line of syz^ies into all situations with 
respect to that of apsides 

(6S1 ) Let ns next consider the notion of the tangential 
force. &jiA. sa, (fSasm tha pcs'.gce -at 

the moon at A, and the direction of her revolution to be 
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A D B E, the tingential force relards her motion through 
the quadrant A D, in which she recedes from S, therefore 
by art 670, the apsides recede Through D B the force 
acceleraies while the moon still recedes, therefore they ad' 
vance Through B E the force retards, and the moon ap* 
proaches, therefore they continue to adraoce, and finally 
throughout the quadrant E A the force accelerates and the 
moon approaches, therefore they recede In virtue there 
fore of this force, the apsides recede, during the descrip' 
tion of the arc E A D, and advance during I) B E, but 
the force being in this case as in that of the normal force 
more powerful at apogee, the latter will preponderate, and 
the apsides will advance on an average of a trhole revolution 

(682 ) (Casa 2 ) The perigee being toward B, we have 
to substitute in the foregoing reasoning approach to S, for 
recess from it, and vice versd, the accelerations and retarda 
tions remaining as before Therefore the results, as far as 
direction is concerned, will be reversed in each quadrant, 
the apsides advance daring E A D and recede during 
D B B But the situation of the apogee being also re 
versed, the predomimnce remains on the «de of E A B, 
that IS, of advance 

(683 y (Case 8 ) Apsides in quadratures, perigee near 
D — Over quadrant A D, approach and retardation, there 
fore advance of apsides Over D B recess and acceleration, 
therefore again advance over B E reco’is and retardation 
with recess of apsides, and lastly over E A approach and 
acceleration, producing tbeir continued recess Total re* 
BuU advance during the half revolution ABB, and recess 
during B E A, the acting forces being more powerful in the 
latter, whence of course a preponderant recess The same 
result when the pengee is at £ 
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(63-t ) So far tho analogy of reasoning between the action 
of the tangcnUal and normal forces is perfect But from 
this point they diverge It la not here as before The 
recess of the apsides in quadratures does not now arise 
from the predominance of feeble over feebler forces, while 
that in ayzygies rcaalia from that of powerful over powerful 
ones The maximum accelcnling action of the tangential 
force 13 equal to its maximum retarding, while the inward 
action of the normal at its maximum is only half the maxi 
mum of its outward Neither is there that diSerencc in the 
extent of the arcs over which the balance is struck in this, 
os ID the other case, the action of the tangential force be 
ing inward and outward alternately over equal arcs, each 
a complete quadrant Whereas, therefore, in tracing the 
action of the normal force, we found reason to conclude 
It much more edective to produce progress of the apsides 
in their syzygy, than in their quadrature situations, we 
can draw no such conclusion m that of the tangential 
forces there being, as regards i?tal force, a compUu sym 
metry in the four quadrants, while in regard of the normal 
force the symmetry is only a half symmtlry having relation 
to two semicircles 

(685 ) Taking the average of many revolutions of the sun 
about the earth, in which it shall present itself in every pos 
Bible variety of situations to the line of apsides, we see that 
the effect of the normal force is to produce a rapid advance 
in the syzjgy of the apsides, and a less rapid recess in their 
quadrature, and on the whole, therefore, a modcmtelj rapid 
general advance, while that of the tangential is to prodnee 
an equally rapid advance m syzygy, and recess in quadra 
ture Directly, therefore, the tangential force would appear 
to have no ullimalo influence in causing either increase or 
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diminution in the mean moiun of the apsides resulting from 
the action of the normal force It does so, however, indi* 
rectly, conspiring in that respect with, and greatly mcrens 
ing, an indirect action of the normal force in a manner which 
we shall now proceed to explain 

(686 ) The sun moving uniformly, or nearly so, in tho 
same direction as P, the line of apsides when in or near the 
syzygy, in advancing follows the snn, and therefore remains 
materially longer in the neighborhood of syzygy than if it 
rested On the other hand, when the apsides are in quad 
rature they recede, and moving therefore contrary to the 
sun’s motion, remain a shorter time in that neighborhood, 
than if the> rested Thus the advance, already preponder- 
ant, 13 made to preponderate more by Us longer continuanco, 
and the recess, alrcad} xleftcicnt, is rendered still more so by 
the shortening of its duration * Whatever cause, then, in* 
creases directly the npidtty of both advance and recess, 
V^ough tl mag do both ejnaUg, aids in this md rect process, 
and It IS thus that the tangential force becomes e/Tectivo 
through the medium of tbo progress already produced, m 
doing and aiding tbo norma] force to do that which alone it 
would he unable to effect Thos w© have perturbation ex- 
aggerating perturbation aud thus wo sec what is meant by 
geometers, when thej declare that n considerable pari of tho 
motion of the lunar apiidcs is due to the square of the dis- 
turbing force or in other words, arises out of a second ap- 
proaimation in which tho mflncoco of tho drat in altering 
the data of the prolilem is taken into account 

(R87 ) The curious and comj litated elTect of pcrlurba 
tion, described m tho last article, has piito more trouble to 
geofneiers than fiaj nther part ilfp )vi}j3r 
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himself had succeeded in tracing that part of the motion of 
the apogee which is doe to the direct action o! the radial 
force, bat finding the amoont only half what obserration 
assigns, he appears to have abandoned the sabjectin despair 
Kor, when resamed by his successors, did the inquiry, for a 
very long period, assume a more promising aspect On the 
contrary, Newton’s result appeared to be even minutely 
verified, and the elaborate investigations which were lav* 
isUed upon the subject without success began to excite 
strong doubts whether this feature of the lunar motions 
could be explained at all by the Newloman law of gravita 
tiou The doubt was removed, however, almost m the lu 
staut of Its origin, by the same geometer, Clsiraut, who first 
gave it currency, and who gloriously repaired the error of 
bis momentary hesitation, by demonstrating the exact com 
cidence between theory and observation, when the effect of 
the tangential force is properly taken into the account The 
lunar apogee circulates in 8232* 675848, or about 91 years 
(683 ) Let us oow proceed to mvcstigate the influence of 
the disturbing forces so resolved on the excentncity of the 
lunar orbit, and the foregoing articles having sufficiently 
familiarized the reader with our mode of following out the 


changes in diifereat sitnations of the 
orbit, we shall take at ouce a more 
general situation, and suppose the line 
of apsides in any position with respect 
to the sun, such as Z T, the pcngee 
being at Z, a point between the lower 
syzygy and the quadrature next follow 



itig It, the direction of P a motieu as all along supposed 
bfunjj, 4. li Tk E. wjji. tjj/t 

force) the momentary change of excentncity will vauvsh 
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at a, 4, c, c?, by the vatushing of that force, and at Z 
and y by the effect of Bitoation in the orbit annulling 
Its action (art 671) In the arcs Z b and Y d therefore 
the change of excentncity will bo small, the acting force 
nowhere attaining either a great magnitude or an ad 
vantageous situation witbm their limits And the force 
within these two arcs having the same character as to in- 
ward and outward, but being oppositely influential by rea- 
son of the approach of F to S m one of them and its recess 
ID the other, it is evident that, so far os these arcs are con- 
cerned, a very near compensation of effects will take place, 
and though the apogeal arc T d will be somewhat more 
influential, this will tell for httle upon the average of a 
revolution 

(689 ) The arcs hJ> e and £ a are each much less than 
a quadrant in estcnt, and the force acting inward through- 
out them (which at its maximum m D and £ is only half the 
outward force at A, B) degrades very rapidly in intensity 
toward either syzjgy (bee art 676) Hence whether Z be 
between i c or i A, the effects of the force in these arcs will 
not produce very extensive changes on the cxcentricity, and 
the changes which it does produce will (for the reason al- 
ready given) be opposed to each other Although, then, 
the arc a d\)c further from perigee than h c, and therfefore 
the force in it is greater, yet the predominance of effect hero 
will not be very marked, and will moreover be partially 
neutralized by the small predominiince of an opposite char 
acter in Y d over Z h On the other band, the arcs a Z, c Y 
arc both larger in extent than either of the others, and the 
seats of action of forces doubly powerful Their influence, 
tberoforo, will be of most importanco, and their preponder 
ance one over the other (being opposite in their tendencies) 
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57ill decide the question ^rhether on an average of the revo 
IntioQ, ibe excenlncity shall incieaso or diminish It is 
clear that the decision must be in favor of c Y, the apogeal 
arc, and, since in this the force is oMlvard and the moon 
receding from the earth, an increa#ff of the excentncity mil 
anse from its inHuence A atmilar reasoning will, cvi 
dently, lead to the same conclnsion were the apogee and 
perigee to change places, for the directions of P s motion as 
to approach and recess to S will he indeed reversed, but at 
the same time the dominant forces will have changed sides, 
and the arc a A Z v.ill now give the character to the result 
But when Z lies between A and E as the reader may easily 
aatisly himself, the case will be altogether different, and the 
reverse conclusiou mil obtaio Hence the changes of ex 
centncity emergent on the average o! single revolutions from 
the action of the aormal force will be as represented by the 
signs 4 - and — in the figure above annexed 

(690) Let us next consider the effect of the tangential 
force This retards P in the quadrants A D, B E and ac 
celerates it in the alternate on^ In the whole quadrant 
A D, therefore, the effect is, of one character, the perigee 
being less than 90“ from every point 
in it, and in the whole quadrant B E 
It 13 of the opposite, the apogee being 
so situated (art 670) Moreover, in > 
the middle of each quadrant the tan 
gential force la at its maximum 
I7ow, in the other quadrants, E A 
and D B, the change from pengeal to apogeal vicinity takes 
place, and the tangential force, however powerful, has its 
effect annulled by situation fart 670) and this haqpens 
more or less neatly about the points where the force is a 
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maximtun. These quadrants, theo, ire far less lufiaential 
OQ the total result, so that the character of that result will 
be decided by the predominance of one or other of the 
former quadrants, and will lean to tbit which has the 
apogee m it Now in the quadrant B E the force retards 
the moon ind the moon is in apogee Therefore the excen 
tncity increases In this situation therefore of the apogee, 
such IS the avenge resaJt of a complete reiolution of the 
moon Here agiin also if the pengee and apogee change 
places, so will also the character of all the partial influences, 
arc for arc But the quadrant A D will now preponderate 
instead of D E so that under this double reveisal of condi 
tions the result nil] be identical Lastly, if the line of ap 
sides be in A E, B B it may be shown in like manner that 
the excentricity will dimmish on the avenge of a revolution 
(691 ) Thus It appears, that m varying the excentricity, 
precisely as in moving the line of apsides, the direct eileot 
of the tangential force conspires with that of the norma], 
and tends to increase the extent of the deviations to and fro 
on either side of a mean value which the varying situation 
of the sun with respect to the line of apsides gives nse to, 
having for their period of restoration a synodical revolution 
of the sun ind ipse Supposing the sun and apsis to start 
together, the sun of course will outrun the ipsia (whose 
period is nine yeirs) and in the lipse of about (, + i) part 
of a year will have giined on it 90“ during all which inter 
val the apse will have been in the quadrant A E of our 
figure and the excentncitj continuilly decreasing The 
decrease will then cease but the excentncit^ itself will bo 
1 minimum the sun being now at right angles to tbe lino of 
apsides Thence it will increase to a inivimnm when the 
sun has gamed another 00“, and again attuned the line of 
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apsides, and so on alternately The actual eifect on the 
numerical value of the lunar excentricity is very consider 
able, the greatest and least excenlricttics being in the ratio 
of 3 to 2 • 

(692 ) The motion of the apsides of the lunar orbit may 
be illustrated by a very pretty mechanical experiment, 
which IS otherwise instructive m giving an idea of the 
mode in which orbitual motion is earned on under the action 
of central forces variable according to the situation of the 
revolving body Let a leaden weight be suspended by a 
brass or iron wire to a hook in the under side of a firm 
beam, so as to allow of its free motion on all sides of the 
vertical, and so that when in a state of rest it shall just clear 
the floor of the room or a table placed ten or twelve feet 
beneath the hook The point of support should be well 
secured from wagging to and fro by the oscillation of the 
weight which should be suflicieat to keep the wire as tightly 
stretched as it will bear, with the certainty of not breaking 
Now, let a very small motion be communicated to the 
weight, not by merely withdrawing it from the vertical and 
letting It fall, but by giving it a slight impulse sidewise 
It will be •'een to describe a regular ellipse about the point 
of rest as its centre If the weight be heavy and carry 
attached to it a pencil whose point lies exactly in the direc 
tion of the string the ellipse may be transferred to paper 
lightly stretched and gently pressed against it In these 
circumstances the situation of the major and minor axes 
of the ellipse will remaiu for a long time very nearly the 
same though the resistance of the air and the stiffness of 
the wire will gradually diminish its dimensions and excCn 
tricity But if the impulse communicated to the weight be 
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coQ'jiderable, so as to carry it out to a great angle (16® or 
20® from the vertical), this permanence of situation of the 
ellipse will no longer subsist Its axis will be seen to shift 
its position at every revolntion of the weight, advancing m 
the same direction with the weight’s motion, by a uniform 
and regular progression, which at length will entirely re- 
verse its situation, bringing the direction of the longest 
excursions to coincide with that in which the shortest were 
previously made, and so on, round the whole circle, and, 
in a word, imitating to the eye, very completely, the motion 
of the apsides of the moon's orbit 

(693 ) Now, if we inquire into the cause of this pro- 
gression of the apsides, it will not be di:fficalt of detection. 
When a weight is suspended by a wire, and drawn aside 
irom the lerticfil, ft is urged to the lowest ^oiat (or rather 
ID a direction at every instant perpendicular to the wire) by 
a force which vanes as the sine of the deviation of the wire 
from the perpendicular Now, the sines of very small arcs 
are nearly in the proportion of the arcs themselves, and the 
more nearly, as the arcs are smaller If, therefore, the de 
viations from the vertical be bo small that we may neglect 
the curvature of the spherical surface in which the weight 
moves, and regard the curve described as coincident with 
its projection on a horizontal plane, it will he then moving 
under the same circumstances as if it were a revolving body 
attracted to a centre by a force varying directly as the 
distance, and, in this case, the curve described would bo 
an ellipse, having its centre of attraction not in the focus, 
but in the centre,* and the apsides of this ellipse would re 
mam fived But if the excureioos of the weight from tho 
vertical be considerable, the force urging it toward the 
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ccQtre will deviate in its law from the simple ratio of 
the distances, being as tbestne, while the distances are as 
the arc Kow the sine, though it continues to increase 
as the arc increases, jet does not increase so fast So soon 
as the arc has anj sensible extent, the sine begins to fall 
somewhat short of the magoitode which an exact numeri 
cal proportionality would require, and therefore the force 
urging the weight toward its centre or point of rest at great 
distances falls, in like proportion, somewhat short of that 
which wonld keep the body m its precise elliptic orbit It 
will no longer, therefore, have, at those greater distances, 
the same command over the weight xn proportion to its 
sp<ed, which would enable it to deflect it from its rec 
tilinear tangential course into an ellipse The true path 
which It describes will be lesi curved in the remoter parts 
than is consistent with the elliptic figure, ns in the annexed 
cut, and, therefore, it will not so soon have its motion 
brought to be again at right angles to 
the radius It will require a longer 
continued action of the central force to 
do this, and before it is accomplished, 
more than a quadrant of its revolution 
must be passed over m angular motion ^ 

round the centre But this is only stating at length, and m 
a more circuitous manner that fact which is more briefly 
and suiatnanly expressed by saying that tlie apsides of tie 
orlit are progressive I^otbing beyond a fimiliar illustration 
13 of cour«:e intended m what is abors said The ease is not 
an exact parallel with that of the lunar orbit, the disturbing 
force being simpl} radial, whereas in thu lunar orbit a trans 
verbal force is also concerned and even were it otherwise, 
oiil^ a confused anti indistinct view of apsidal motion can 
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be obtained from this kind of consideration of the cniratnre 
of the disturbed path I£ we would obtain a clear one, the 
two foci of the instantaneous ellipse must be found from 
the laws of elliptic motion performed under the influence of 
a force directly as the distance, and the radial disturbing 
force being decomposed into its tangential and normal com 
ponents, the momentary inflnence of either m altering their 
positions and conseqaently the directions and lengths of the 
axis of the ellipse mast be ascertained The stndeot will 
find It neither a difhcult nor an uoinstructire exercise to 
work out the case from these principles, which we cannot 
aSord the space to do 

(694 ) The theory of the motion of the planetary apsides 
and the variation of their ezcentncities is m one point of 
view much more simple, but in another much more compit 
cated than that of the lunar It is simpler, because owing 
to the exceeding minuteness of the changes operated in 
the course of a single revelation, the angular position of 
tho bodies with respect to the line of apsides is very little 
altered by the motion of the apsides themselves The line 
of apsides neither follows ap the motion of the di'^turbing 
body in its state of advnnco, nor vtce terta, m any degree 
capable o£ prolonging materially their advancing or shorten 
mg materially their receding phase Iloncc no second ap 
proximation of tho kind explained in art 036 by winch the 
motion of the lunar apsides is so powerfully modified as to 
be actually doubled in amount, is at all required in the 
planetary theory On the other hand, tho latter theory 
is rendered more complicated than the former, at lea-it m 
the cases of planets whose pcnodic tunes are to each other 
m a ratio much less than 18 to 1, the consideration that 
the disturbing body shifts its position with respect to the 
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line of apsides bj a mucb greater angular quantity m a 
reroluUoD of the disturbed body than m the case of the 
moon In that case wo were at liberty to sappose (for 
the sake of explanation) without any very egregious error, 
that the san held nearly a fixed position during a single 
Innation But in the case of planets whoso times of revo 
luUon are in a much lower ratio this cannot be permitted 
In the case of Jupiter distorbed by Saturn for example, m 
one sidereal revolution of Jupiter, Saturn has advanced 
in its orbit witb respect to tbe line of apsides of Jupiter by 
more than 140°, a change of direction which entirely alters 
the conditions under which the disturbing forces act And 
in tbe case of an extenor disturbed by an interior planet, 
the situation of tbe latter with respect to tbe line of tbe 
apsiies vanes even more rapidly than tbe situation of 
the exterior or distarbed planet with respect to tbe central 
body To such cases then the reasoning which we have 
applied to the lunar perturbations becomes totally inapph 
cable and when we take into consideration also the excen 
tricity of the orbit of the disturbing body which in the 
most important cases is exceedingly induential the subject 
becomes far too complicated for verbal explanation and can 
only be successfully followed out with the help of algebraic 
expression and the application of tbe integral calculus To 
Mercury Venus and the earth indeed as disturbed by 
Jupiter and planets superior to Jupiter this objection 
to the reasoning in question does not apply and in each 
of these cases therefore wo are entitled to conclude that 
the apsides are kept in a state of progression by the action 
of all the larger planets of out system Under certain 
conhiiions o'l distance excentncity and rduitive situation 
of the axes of the orbits of the disturbed and disturbing 
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planets, it is perfectly possible that the reverse may hap- 
pen, an instance of which is afforded by Venus' whose 
apsides recede under the combined action of the earth and 
Mercury more rapidly than they advance under the joint 
actions of all the other planets. Nay, it is even possible 
under certain conditions that the line of apsides of the dis- 
turbed planet, instead of revolving always in one direction, 
may librate to and fro within assignable limits, and in a 
definite and regularly recurring period of time. 

(695.) Under any conditions, however, as to these par- 
ticulars, the view wo have above taken of the subject, 
enables us to assign at every instant, and In every con- 
figuration of the two planets, the momenLiry effect of each 
upon the perihelion and excentrlcity of the other. In the 
simplest case, that m which the two orbits arc so nearly 
circular, that the relative situation of their perihelia shall 
produce no appreciable difference in the intensities of the 
disturbing forces, it is very easy to show that whatever 
temporary oscillations to and fro in the poaitions of the 
lino of apsides, and whatever temporary increase and 
diminution lu the oxccotncity of either planet m.sy take 
place, the final effect on the avemgo of a great multitude 
of revolutions, presenting them to each other in all possihio 
configurations, must bo «•/, for both elements. 

(COrt ) To show this, all that is necessary is to cast our 
cyci on the synnptio table m art. G76 If M, the disturbing 
body, bo 8up|)Osed to be surccssi>e!y placed in two dia- 
metrically opposite situations in i« orbit, the aphelion of 
r will stand relateil to M lo one of these situations preci«-ly 
as its perihelion in the other. Now the orhtw being $a 
nearly circles as stip]K>«ed, ibe distribution of the diitorlv 
ing forces, whether normal or UngcnUal, u symnielneal 
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relative to their common diameter passing through Jt, or 
to the line of syzygies Hence it follovrs that the half of P’s 
orbit “about perihelion" (art 678) will stand related to all 
the acting forces in the one situation of Hf, precisely as the 
half “aboat aphelion" does in the other, and also, that 
the half of the orbit in which P “approaches S," stands 
related to them in the one situation precisely os the half in 
which it “recedes from S" m the other Whether as re- 
gards, therefore, the normal or tangential force, the condi- 
tions of advance or recess of apsides, and of increase or 
diminution of excentncities, are reversed in the two sap 
posed cases Hence it appears that whatever situation be 
assigned to M, and whatever loflococe it may exert on P m 
that situation, that influence wiU be annihilated in situations 
of M and F. diametrically opposite to those supposed, and 
thus, on a general average, the effect on both apsides and 
exceatncitiea is reduced to nothing 

(697 ) If the orbits, however be excentnc, the symmetry 
above insisted on in the distnbatioa of the forces does not 
exist But, ID the first place, it is evident that if the ezeen 
tricities be moderate (as in the planetary orbits), by far the 
larger part of the effects of the disturbing forces destroys 
Itself in the manner described in the last article, and that it 
IS only a residual portion, viz that which arises from the 
greater proximity of the orbits at one place than at another, 
which can tend to prodnee permaaent or secular effects 
The precise estimation of these effects is too complicated an 
affair for os to enter upon , but we may at least give some idea 
of the process by which they are produced, and the order in 
which they arise In so doing, it is necessary to distinguish 
b.R.l.w<y»n. of. Om. vAnuia). and. tnn^jilja). bwina. 

The effects of the former are greatest at the point of con 
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junction of the planets, becaase the normal force itself is 
there always ot its maximum, and although, where the con 
junction takes place at 90“ from the line of apsides, its effect 
to more the apsides is xmllified by situation, and when m 
that line Us effect on the excentricities is similarly Dullified, 
yet, in the situations rectangular to these, it acts to its great 
est advantage On the other hand, the tangential force van 
ishes at conjunction, whatever be the place of conjunction 
with respect to the line of apsides, and where it is at Us 
maximum its effect is still liable to be annulled by situa 
tion Thus it appears that the normal force is most mfliien 
tial and mainly determines the character of the general 
effect It 18 therefore at conjunotioa that the most inSu 
ential effect is produced, and therefore, oa the long average, 
those conjunctions which happen aboat the place where the 
orbits ere nearest will determine the general character of 
the effect Now the nearest points of approach of two 
ellipses which have a common focus may be very variously 
situated with respect to the penhelioa of either It may be 
at the perihelion or the aphelion of the disturbed orbit or 
in any intermediate position Suppose it to be at the pen 
helion Then if the disturbed orbit be intertor to the dis 
turbing the force acts outward and therefore the apsides 
recede if exterior the force acts inward and thej advance 
In neither case does the excentneity change If the con 
junction take place at the aphelion of the disturbed orbit, 
the effects will be reversed if intermediate the apsides will 
be less and the excentricity more affected 

(693 ) Supposing only two planets this process would go 
on till the apsides and exccntncities had eo far change 1 as 
to alter the point of nearest approach of the orbits so as 
either to accelerate or retard and perhaps i\\ er^o the motion 
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of the apsides, and give to the variation of the cxcentrictty 
a corresponding periodical character But there are many 
planets all disturbing one another And this gives rise to 
vanations m the points of nearest approach of all the orbits 
taken two and two together, of a very complex nature 

(699 ) It cannot fail to have been remarked, by any one 
who has followed attentively the above reasonings, that a 
close analogy anbsists between two sets of relations, viz 
that between the inclinations and nodes on the one hand, 
and between the excentricity and apsides on the other In 
fact, the strict geometrical theories of the two cases present 
a close analogy, and lead to final resnits of the very same 
nature What the vanation of excentricity is to the motion 
of the perilielioQ, the change of inclioation is to the motion 
of the node In either case, the penod of the one is also the 
penod of the other, and while the perihelia describe consid 
erable angles by an oscillatory motion to and fro or cirou 
late la immense periods of time round the entire circle, the 
excentricities increase and decrease by comparatively small 
changes and are at length restored to their original magni 
tndes In the lunar orbit as tbe rapid rotation of the nodes 
prevents the change of inclination from accnmulating to any 
material amount, so the still more rapid reiolution of its 
apogee effects a speedy coropensatvon in the fluctuations of 
its excentricity, and never suffers them to go to any mate 
nal extent, while the same caoses, by presenting tn quic^ 
succession the lunar orbit m every possible situation to all 
tbe disturbing forces, whether of tbe sun tbe planets, or tbe 
protuberant matter at the earth s equator prevent any seen 
lar accumulation of small changes by which in tbe lapse of 
'As TfiVq/crt'Oy -nrtgVt *t«s mflAwWAy 'rtfWKOii.'i tu -Jrmrfij 
ished Accordingly, observation shows the mean excentnc 
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ity of the moon’s orbit to bo the same now as in the earliest 
ages of astronomy. 

(700 ) The movemeota of the perihelia, and variations of 
excentncity of the planetary orbits, aro interlaced and com 
plicated together in the same maimer and nearly by the 
same laws as the variations of their nodes and inclinations 
Kach acts upon every other, and every such mutual action 
generates its own pecubar period of circulation or compen* 
satiOQ, and every such period, in pursuance of the principle 
of art 650, la thence propagated througbont the s_)Btem 
Thus arise cycles upon cycles, of whose compound duration 
some notion may be formed, when we consider what is tho 
length of one such period m the case of the two principal 
planets-^Jupitcrand Saturn Neglecting the action of the 
rest, tho odect of their mutual attraction would bo to pro* 
duoo a secular vanution in the e:cccntrjc)ty of Saturn’s orbit, 
from 0 03409, ita maximum, to 0 01845, lU mtiitmum value, 
while that of Jupiter would vary between tho narrow limito, 

0 00030 and 0 0^000 the greatest excentricity of Jupiter 
corresponding to the least of Saturn, and nee vend The 
period 111 which these choogoi are gone through would bo 
70114 jeare After ihn example, it will bo conceued 

that inan^ millions of jcarawdl require to ilapsc before a 
complolo fulfilment of the joint cycle which shnll restore the 
whole syskm to Its original state as faros the cxrtiitricitios 
of Its orbits aro concerned 

(701 ) The place of tho perihelion of a planet « orbit ifl 
of little const'quLnco to its well being, but its cxcentrinty w 
most important, as upon this (the axes of tho orbits l»eiijg 
jcrmaiuntj dciM’juls the mean temperature of its surface, 
and the « xireme > afiations lo which its sensons ina} Is ha* 
bic 1 or It may he ca«il^ shown tlmt the rnran nrinnnf 
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amount o{ light and heat received by a planet from the sun 
13, calms ;5ari6u5, as the minor axis of the ellipse described 
by It Any variation, therefore, m the excentricity, by 
changing the minor avia will alter the mean temperatare of 
the sorface How such a change will also influenue the cx 
tremea of temperature appears from art 868 ei seq Now it 
may naturally be inquired whether (in the vast cycle above 
spoken of, in which, at some period or other, conspiring 
changes may accumulate on the orbit of one planet from 
several quarters) it may not happen that the excentricity 
of any one planet — as the earth — may become exorbitantly 
great, so as to subvert those relations which render it habi 
table to mao, or to give nse to great changes at least in the 
physical comfort of hia state To this the researches of 
geometers have enabled us to answer in the negative A 
relation has been demonstrated by Lagrange between the 
masses, axes ol the orbits, and excentncitics of each planet, 
similar to what we have already stated with respect to their 
inclinations, viz that tf the mass of each pla^iet be muUiphed 
by the square root of the axis of its orbit and the product ly the 
square of its excentricity the sum of all such products throughout 
the system IS invariable, and as in point of fact this sum is ex 
tremcly small, so it will always remain Now, since the axes 
of the otbvta ate liable to no secular changes this is equiva 
lent to saying that no one orbit shall increase its excentricity, 
nnless at the expense of a common fund the whole amount 
of which IS, and must forever remain, extremely minute * 


* There la nothlo; in ih s relsUon, bo<reTer taken per it to secure tbs 
fmaller planeU — Uercurj Mars Juno Ceres etc — rroo a caisairopbe co td 
tbc7 nccumulale on lheni8elTe!i or sdj one of them the wb e amount ol this 
racenrnfeily /und But that can never be Jup ter and Saturn will always ro- 
ta n tl e I o s *1 are of it. X sun Isr remark app) es to the tnelinaltofi fund of 
an. C33 Tl «ee /unds be tt observed caa never get Sslo debt. Every term 
of them Is eesendally pos live. 
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(701 a ) (1865 ) The actaal numerical computation ol the 
limiting eccentricities of the plouets, taking into accoant all 
their mutaal reactions, was attempted by Lagrange in 1783; 
but owing to an erroneons assumption of the mass ot Venus, 
his results were rendered uncertain M Leverner, in a re- 
markable memoir published in 1^3, has resumed the sub- 
ject with the advantage of perfectly reliable data, and has 
obtained the following, as the superior limits of ezcentnci- 
ties of the seven principal Uien tnotan planets — viz for that 
of Mercury, 0 225646 Venus, 0 086716, the Earth, 0 077747; 
Mars, 0142243 Jupiter, 0 061548, Saturn, 0 084919, and 
Urauua, 0 004648 And it is remarkable that although the 
erroneous assumption in question has vitiated L'lgraugc’s 
conclusions as to the secular progression in the magnitudes 
of the ezceotricities, the superior limits arrived at by him 
agree very nearly indeed with these For the tnferior limit 
of that of the Earth’s orbit, M Leverrier assigns 0 003814, 
being the nearest approach it will make to the circular form 
This will be attained in 23980 years from the epoch A D 
1800, for which the calculations nro instituted; i e in A D 
25780 The triple period of the escenlricities of Jupiter, 
Saturn, and Uranus, taken os o group, is 900,000 years (uu 
certain lo 4000±) Tho maximn and the minima of that of 
Saturn are separated by an interval of 84647 years (uncertain 
to 117±), and its next minimum will happen in A D 17914, 
at which epoch its value will bo 0 0136 In the Appendix 
the reader will find the elements of the earth’s orbit, calcu 
lated for intervals of 10 000 years from 100,000 years before 
A D 1800 to 100,000 after that date by M Loverner, and 
the oxcentncities bj Mr Oroll for 1,000,000 years before and 
after the same epoch 
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CHAPTER XIV 

Of the Inequalities Iniiepondent of the rrcentrCcilios — Tho Moon’s Vans 
tloa and Parallactic Inequality — Analogous Pknotary Inequalities — 
Three Oa«es of Planetary PcrturhatioD Diaunguished — Of Inequalities 
Dependent on tl e Eicenincillee— t/ng Inequality of Jnpiter and 
Saturn — Daw of Hedproclly Belsveen Iha Perlodital Tariattona of tho 
Elcmcnla of both Planets— Long loequal ly of the Earth and Tenus— 
Tanation of tlio Epoch— Inequalibos tncideot on the Epoch Affecting 
the Mean Mot on- Interpretatioa of the Constant Part of theao In 
equalities — Annual Equation of the Moon— Her Secular Acceleration 
— Lunar Incqualilcs Due Co she Action of Venus— ESoct of the Spho 
ro d d Figure of the Earth and Other Planets on Uio Motions of their 
Satellitea— Of the Tides— Masses of Disturbing Bodies Dcduclble from 
the Perturbations they Produce — Mass of the Moon and of Jupiter a 
Satellites how Aseenilned — Perturbations of Uranus Itosulting m 
tho Discorety of Neptune— DetenDination of the Absolute htass and 
Density of the Earth 

(702 ) To chlcalato tbe actual place of a planet or the 
moon, in longitude and latitude at any asaigned time, it i9 
not enough to know tbe changes produced by perturbation 
tn tbe elements ol its orbit, still less to know tbe secttlar 
changes so produced, which are only tbe outstanding or un* 
compensated portions of much greater changes induced m 
short periods of condguratioD We must be enabled to esti 
mate the actual effect on its longitude of those periodical ac 
celerations and retardations in the rate of its mean angular 
motion, and on its latitude of those deviations above and 
below the mean plane of its orbit, which result from the con 
tinned action of the perturbative forces, not as compensated 
10 long periods, but as in the act of their generation and de 
struction in short ones In this chapter we purpose to give 
an account of some of the most prominent of the tquaivma 
ASTROVOUT— Tol TX—1 
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or inequahtiea thence nrising, several of which are of high 
historical interest, as having become known bj observation 
previous to the discover/ of their theoretical causes, and as 
having, by their successive explanations from the llicorj of 
gravitation, removed what were in some instances regarded 
as formidable objections against that theorj, and afforded in 
all moat satisfactory and triumphant verifications of it • 

(703 ) We shall begin with those which compensate 
themselves in a synodic revolution of the disturbed and 
disturbing body, and which are independent of any per- 
manent excentneity of either orbit, going through their 
changes and effecting their compensations in orbits slightly 
elliptic, almost precisely as if they were circular. These 
inequalities result, lu fact, from a circulatiou of the true 
upper focus of the disturbed ellipse about its mean place 
in a curve whose form and magnitude the principles laid 
down in the last chapter enable ns to assign in any pro- 
posed case. If the disturbed orbit be circular, this mean 
place coincides with its centre: if elliptic, with the situa- 
tion of Its upper focus, as determined from the principles 
laid down in the last chapter. 

(704.) To understand the nature of this circulation, we 
must consider the joint action of the two elements of the 
disturbing force. Suppose II to be the place of the upper 
focus, corresponding to any situatiou P of the disturbed 
body, and let P P' be an Jofioitesimal element of its orbit, 
described in an instant of time Then supposing no dis- 
turbing force to act, P P' will be a portion of an ellipse, 
having H for its focus, equally whether the point P or P' 
be regarded. But now let the disturbing forces act during 
the instant of describing P P*. Then the focus II trill shift 
its position to H', to find which point wo must recollect, 
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Isl "Wliat IS demonstrated jo art 671, vjz that the effect 
of the normal force js to varj the position of the line P H 
80 as to make the angle H P H equal to double the vana 
tion of the angle of tangenoy due to sne action of that force, 
withont altering the distance P H so that in virtue of the 
normal force alone, H would more to a point h, along 
the line II Q drawn from H to a point Q 90’ in aclranco 
of P (because S n being exceedingly small, the angle P II Q 
maj be taken as a right angle when P S Q is so) H ap 
proaehing Q if the normal force act oulicard, but receding 



from Q if inward And similarly the effect of the tangen 
tial force (art 670) is to vary the position of H m the direc 
tion H P or P H according as the force retards or acceler 
ates P 8 motion To find H then from H draw H P, H Q 
to P and to a point of P s orbit 90’ m advance of P On 
n Q take H k the motion of the iocns due to the normal 
force and on B P take H k the motion due to the tangential 
force complete the parallelogram H H and its diagonal 
H H will be the element of the true path of II m virtue 
of the joint action of both forces 

(705 ) The most consptcaoos case in the planetary system, 
to which the above reasomng is applicable is that of the 
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moon disturbed bj tho sun. The inequality thus arising 
is known by the name of the moon's variation, and was 
discovered so early as about the year 975 by tho Arabian 
astronomer Aboul Wela ’ Its magnitude (or the extent of 
fluctuation to and fro in the moon’s longitude which it 
produces) is considerable, being no less than 4', and 
it 13 otherwise interesting os being tho first inequality 
produced by perturbation, which Newton succeeded in 
explaining by the theory of gravity. A good general idea 
of Its nature may be formed by considering the direct action 
of the disturbing forces on the moon, supposed to move in 
a circular orbit. In such an orbit undisturbed, the velocity 
would bo uniform; but tho tangential force acting to ac- 
celerate her motion through tho quadrants preeeiUnj her 
conjunction and opposition, and to retard it through tiic 
alternate quadrants, it is evident that the velocity will have 
two maxima and two minima, the former at tho syzygics, 
the latter at tho quadratures. Ilcnco at the syz^gics tho 
velocity Will c.vcccd that which corresponds to a circular 
orbit, and at quadratures will fail short of it. Tho true 
orbit will therefore bo lew curved or more flailenixl than 
a circle in s^v^gies, and more cun'cd (• r protulicrnnt be- 
yond a circle) in quadratures. Tins would bo the case oven 
were tho normal force not to net. But the aclion of that 
force increases ibe eirecl in question, lor at tho syxygies, 
ami as far as frr 14 <m cither side of them, u acts outward, 
or in counteraction of the earth’s attnclion, and thereby 
prevents tho orbit from being so murh curve<l ns it other* 
wise would be, while at qaailnlurvs, and for 4*5’ on 
cither side of them, it acts inward, aidinj' the rariii’s at 

l.iMiTtirf.a t»»«r ••Ttlf i Vm‘u4m rf* 
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tractioD, and reudering that portion of the orbit moro 
curved than it otherwise would be Thus the joint action 
of both forces distorts the orbit from a circle into a flattened 
or elliptic form having the longer axis m quadntures, and 
the shorter m sjzygies, and m this orbit the moon moves 
faster than with her mean velocity at syzygy (i e where 
she IS nearest the eartl ) and alower at quadratures where 
furthest Her angular motion about the earth is therefore 
for both reasons greater lo the former than in the latter 
situation Hence at syzygy her true longitude seen from 
the earth will he m the act of gaming on her mean — in 
quadratures of losing and at some intermediate points (not 
very remote from the octants) a II neither be gnining nor 
los ng But at these points having beet gatm g or lost g 
through the whole previous 90^ the amount of g itn or loss 
will have attained its maximum Consequently at the oc 
tanta the true longitude will deviate most from the mean m 
excess and defect and the inequality in quest on is there 
fotc lul at ayzygics aed qwadtawrea and attama vta maxima 
in advance or retardation at the octants which is igreeabl© 
to observation 

(706 ) Let us however now see what iccount can be 
rendered of this inequality by the simultaneous variations 
of tl e axis and excentiicity as above explained The tan 
gential force as will be recollected is r d at syzygies and 
quadratures and a maximara nt the octants acceleratire in 
tbe quadrants E A and D B and retarding in A D and B 
E In the two former then the axis is in process of length 
cn ng in the two latter si ortening On the other band 
the normal force lanishes at (a h d e) 64° 14 from the 
Bjzygicd It acts outianl over e A n bB d and inward 
o\ero D b and d E i la virtue of the taugential force, 
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llicn, llto point 11 move<J toward P «lion P ift in A D, B E, 
and from it ^^hen in 1) B, E A, the motion being nil iNlien 
nt A, n, I), E, nnd most rapid when at the octant P, at 
winch points, ihorcforo (so for m this force is concernctl), 
the focus II would have its mean situation. And in virtue 
of the normal focus, the motion of II in the direction II Q 
will bo nt ita maximum of rapidttjr toward Q at A, or B, 
from Q at D or E, nnd m7 at a, b, d, t. It will assist us in 
following out these lodicationa to obtain o notion of the 



form of the curve really described by S, if we trace sepa* 
ratoly the paths which II would pursue jq virtue of either 
motion separately, since its true motion will necessarily 
result from the superposition of these partial motions, be- 
cause at every instant they are at right angles to each other, 
and therefore cannot interfere First, then, it is evulent, 
from what we have said of the tangential force, that when 
P 13 at A, H 13 for an instant at rest, but that as P removes 
J.rcys A P, JS" cosiiOfisd'iY P sitMig ihsiT 

line of junction H P, which IS, therefore, at each instant 
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rovcrsod, tho curvo wJI have a cusp at I corresponding, and 
H will then begin to travel along the arc I m, while P de* 
scribes the corresponding arc from neutral point to neutral 
point through D. Arrived at the neutral point between 
D and B, the motion of Q along Q H aill bo again arrested 
and reversed, giving nse to another cusp at m, and so oa 
Thus, in virtue of the normal force acting alone, the path 
of Q would be the four cusped, elongated curve I m n o, 
described with a motion round S the reverse of P's, and 
having a, d, 6, e, for points corresponding to A, B, D, E, 
places of P 

(708 ) Nothing is now easier than to superpose these 
motions Supposing H„ II, to be the points in cither curve 
corresponding to P, we have nothing to do but to set from 
off S, S h equal and parallel to S H, m the one curve aad 
from h, 4 H equal and parallel to S H, in the other Let 
this be done for everj corresponding point in the two 



curves, and there results on oval curve a d & e having for 
its semiaxis Sa =; Sa, -J- So,, and Sd = Sd, Sd, And this 
will be the true path of the upper focus, the points a, d, b, e, 
corresponding to A, D B, E, places of P And from this it 
follows, Ist, that at A, B, the ayzjgies, the moon is m pen* 
gee in her momentary ellipse, the lower focus being nearer 
than the upper 2dly, That in quadratures D, E, the moon 
13 in apogee la her dtett momontaiy ellipse, the upper locua 
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being then nearer than the lower 8dly, That II revolvea m 
the oval adht the contrarj way to P in tte orbit, making a 
complete revolution from syzygy to syzygy m one synodic 
revolution of the moon 

(709 ) Taking 1 for the moon's mean distance from the 
earth, suppose we represent Sa, or S<f, (for they are equal) 
bv 2a, So* by 22), and Sd, by 2tf, then will the semiaxes of 
the oval adht So and S>d be respectively 2n + 2b and 
2a + 2c, 80 that the excentncities of the momentary ellipses 
at A and B will be respectively a -l- fe and a -1- c The total 
amount of the effect of the tangential force on the ozts, m 
passing from syzygy to quadrature, will evidently be equal 
to the length of the curvilinear arc a d, (/ly art 708), which 
18 necessarily less than So, + Sd or 4a Therefore the total 
effect on the temtaxis or distance of the moon is less than 
2a and the excess and defect of the greatest and least values 
of this distance thus varied above and below the mean value 
S A s 1 (which call «) will be less than a The moon then, 
is moving at A tn the pertyee of an ellipse whose semiaxis is 
1 -b o and excenlncity a q- h, so that its actual distance from 
the earth there is !-!-<* — a — b, which (because a is less 
than o) IS less than 1 — b Again, at D it is moving tn cpo 
gee of an ellipse whose semiaxis is 1 — « and ezcentncity 
a q- c, so that its distance then from the earth is 1 — a q- 
o q- c, which (a being greater than «) is greater than 1 4- c, 
the latter distance exceeding the former by 2 b — 2a q- i + c 
(710) I/St us next consider the corresponding changes 
induced upon the angular velocity Now it is a law of 
elliptic motion that at different poiuts of different ellipses 
each differing very little from a circ'e the angular velocities 
are to each other as the square roots of the semiaxes directly, 
and as the squares of the distances inversely In this case 
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tbo scmiazes at A and Z> ara to each other as 1 4> a to 1 — a, 
or aa 1 1 — 2a, ao that their square roots are to each other 
ns 1 1— -a Again, the distances being to each other as 
1 + a — a — ft 1— -a + a+e, the inverse ratio of their 
squares (since a, a, 6, e, are oil verj small quantities) is that 
of 1 — 2a -f- 2a -i- 2c 1 -f- 2a — 2a — 2i, eras 1 l—4a — 4a 
— 2ft — 2c The angular velocities then are to each other m 
n ratio compounded of these two proportions, that is, in the 
ratio of 

1 l + 8a — 4a — 2ft — 2c, 

which 13 evidently that of a greater to a less quantity It is 
obvious also, from the constitution of the second term of 
this ratio, that the normal force is far more influential m 
producing this result than the tangential 

(711 ) In the foregoing reasoning the sun has been re 
garded as il^ed Let us now- suppose it in motion (lo a oir 
cular orbit) then it la evident that at equal angles of ehnga 
iion (of P from M seen from S) equal disturbing forces, both 
tangential and normal, will act only tbe syzygies and quad 
ratures, as well as the neutral points of the normal force, 
instead of being points fi-^ed in longitade on the orbit of the 
moon, will advance on that orbit with a uniform angular 
motion equal to the angular motion of tbe sun The euspi 
dated carves a, d h c, and a, d, ft, e, art 708 will there 
fore no longer be re entering curves, but each will have its 
cusps screwed round as it were in the direction of the sun s 
motion, 80 as to increase the angles between them m the 
ratio of the synodical to the sidereal revolution of the moon 
^art 418) And if, in like manner, the motions in these two 
curves, thus separately described by H be componnded, the 
resulting curve though still (loosely speaking) a species of 
oval, will not return into itself, but will make successive 
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Bpiro»da\ coDNoluUona about S, its {urlbcst and ncarcat 
points being m the same ratio more than 90'’ asunder. And 
to this ino\ement that of the moon herseU will conform, 
describing a epeciea of elliptic spiroid, baling lU kast ilia- 
tances always in the line of syzygics and its greatest in lint 
ot quadratnres It is evident ako, that, owing to the longer 
continued action o! both forces, t e owing to the greater arc 
over which their intensities increase and decrease by equal 
steps, the branches of cacli curte between the cusps will be 
longer, and the cusps Iberaselvcs will be more remote from 
S, and in the same degree will the dimensions of the result 
ing otal be enlarged, and with them the amount of the in 
equality in the moon’s motion which they represent 

(712) In the above reasoning the son’s distance is sup 
posed so great, tfiat the disturbing forces in the scrni orbit 
nearer to it shall not sensibly dificr from those in the more 
remote The son, however, is actually nearer to the moon 
in conjunction than in opposition by about one two hun 
dredtb part of its whole distance, and this sufiiceB to give 
nse to a very sensible inequality (called the parallacUc \n 
equahUj) in the lunar motions, amoanting to about 2 in its 
effect on the moon’s longitude, and having for its period one 
synodical revolution or one lunation As this inequality, 
though subordinate in the case of the moon to the great m 
equality of the vanation with which it stands m connection, 
becomes a prominent feature in the system of inequalities 
corresponding to it in the planetary perturbations (by reason 
of the very great variations of their distances from conjunc 
tion to opposition) it will be necessary to indicate what 
modifications this consideration wiU introduce into the forms 
of our focus curves, and of their superposed oval Kecur 
nng then to our figures in arts 706, 707, and supposing the 
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moon to BCt out from E, arttl the upper focus, in each curve 
from e, it is evident that the intcrcuspidal arcs f a, ad, in 
the one, and e o, o a I, I d, the other, being described 
Under the influence of more powerful forces, will be greater 
than the arcs d b, h e, and d m, m b n, n e corresponding in 
the other half re^ olution The two estremities of these 
curves then, the initial and terminal places of e in each, will 
not meet, and the same conclusion will hold respecting those 
of the compound oval m which the focus really revolves, 
which will, therefore, be as in the annexed figure Thus, 
at the end of a complete lunation, the focus will have shifted 
Its place from c to/ m a line parallel to the line of quadra 
tures The ne'xt revolution, and the next, the same thing 



would happen Meanwhile, however, the sun has advanced 
in Its orbit, and the line of quadratures has changed^its situ* 
ation by an equal angular motion In consequence, the 
next terminal situation (g) of the forces will not he m the 
line e f prolonged, but in a line parallel to the new situation 
of the line of quadratures, and this process continuing, will 
evidently give rise to a moTcment of circulation of the 
point c, round a mean situation m an annual period, and 
this, It IS evident, is equivalent to an annual circulation of 
the central point of the compound oval itself, in a small 
orbit about its mean position S Thus we see that no per- 
manent and indefinite increase of excentricity can arise from 
this cause, which would be the case, however, but for the 
annual motion of the sun 

(718 ) Inequalities precisely similar in principle to the 
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%arialion nncl parallactjc incqoalit} of the moon, though 
greatly modifictl by tho different relations of the dimensions 
nf the orbits, prevail in all cases where planet disturbs 
planet To what extent this modification is earned will be 
c\ident, if we cast our eyes on the examples given m art 
bl2 where it will be seen that tho disturbing force in con 
junction often exceeds that m opposition in a aery high 
ratio (being in the case of l«cptune disturbing Uranus more 
than ten times as great) The effect will be, that the orbit 
described by tho centre of the compound oial about S will 
be much greater relatively to the dimensions of thatoial 
Itself, than in the case of the moon Bearing in mind the 
nature and import of this modification we may proceed to 
inquire, apart from u into the number and distribution of 
the undulations in the contour of the oval itself arising from 
the alteroations of direction plut and tni lui of the disturb 
mg forces in the coarse of a synodic rciolotion But first 
It should bo mentioned that, lo the case of an exterior dis 
turbed by an luteno? planet tbe disturbing body » angulat 
motion exceeds that of the disturbed Hence P though 
advancing in its orbit, recedes relatively to the line of syzy 
gies, or, which comes to the same thing the neutral points 
of either force overtake it id succession and each as it 
comes up to it, gives rise to a cusp in the corresponding 
fociu curie The angles between the successive cusps will 
therefore be to the angles between the corresponding neutral 
points for a fixed position of M in the same constant ratio of 
the synodic to the sidereal period of P, which, however, is 
now a ratio of less inequalt^ These angles then will be 
contracted in amplitude, and, for the same reason as before, 
fne excursions ot fhc locus will lie diminia'tied, auci tbe more 
so the shorter the synodic revolution 
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(714 ) Since the cuapa of either curve recur, in successive 
synodic roNolutiona in the same order, and at the same an 
guhir distances from each other, and from the line of con 
junction, the same wiU be true of all the corresponding 
points in the curve resnlting from their superposition lu 
that curve, every cusp of either constituent, will give rise 
to a convexity, and every intercuspidal arc to a relative con 
cavity It 18 evident then that the compound curve or true 
path of the focus so resulting, but for the cause above men 
tioned, would return into itself, whenever the periodic times 
of the disturbing and disturbed bodies are commensurate, 



because m that case the eynodic period will also be com 
mensurate with either, and the arc of longitude intercepted 
between the sidereal place of any one conjunction, and that 
next following it, will be an aliquot part of 860* In all 
other cases it would be a non re entering, more or less undu 
lating and more or less regular, apiroid, according to the 
number of cusps in each of the constituent curves (that is to 
say, according to the cumber of neutral points or changes of 
direction from inward to ontward, or from accelerating to 
retarding, and vic« versd, of the normal and tangential 
forces) in a complete synodic revolution, and their distn 
buloAo s>v»T the arcsraHerefiee 

(716) With regard to these changes, it is necessary to 
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dwtingm-ih three car.(r?, in which the perturbntions of planet 
by planet are very distinct m character Iflt. When the 
disturbing planet is exterior In this case there are four 
neutral points of cither force Tho^e of the tangential 
force occur at the sizygies, and at the points of the dis- 
turbed orbit (whieli wc shall call points of equidistance), 
equidistant from the sun and the disturbing planet (at 
which points, 03 we have shown, nrt CU, the total dis- 
turbing force 18 always directed inward toward the sun) 
Those of the normal force occur at points intermediate bo 
tween these last mentioned points, and the syz}gica, which, 
if the disturbing planet be cer^ distant, bold nearly the sit 
■nation they do in the lunar theory % « considcrahl) nearer 
the quadratures than the s^z^gics In proportion ns the 
distance of the disturbing planet lUiniDislics, two of these 
points, viz those nearest the eyzjg>, approach to each 
other, and to the syzyg), and to the extreme case, when 
the dimensions of the orbits arc equal coincide with it 
(716 ) The second case is that in which the disturbing 
planet is inteijor to the disturbed, but nt a distance from 
the sun greater than half that of the latter In this case 
there are four neutral points of the tangential force, and 
only two of tlie normal Those of the tangential force 
occur at the syzygies, and at the points of equidistance. 
The force retards the disturbed body from conjunction to 
the first such points after conjunction, accelerates it thence 
to the opposition, thence again retards it to the next point 
of equidistance, and finally again accelerates it up to the 
conjunction As the disturbing orbit contracts in dimcn 
siOD the points of equidistance approach, their distance 
Vrom syzygy “trom IRf- '(iue eXireme ensO^ irintraiiuing "lo 
nothing, when they coincide with each otlier, and with the 
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conjonction. In the case of Saturn disturbed by Jupiter, 
that distance is only 23“ 38'. The neutral points of the 
normal force be somewhat beyond the quadratures, on the 
side of the opposition, and do not undergo any very 
material change of situation with the contraction of the 
disturbing orbit. 

(717 ) The third case is that in which the diameter of 
the disturbing interior orbit is less than half that of the 
disturbed. In this case there are only two points of evan 
escence for either force. Those of the tangential force are 
the syzygies The disturbed planet is accelerated through- 
out the whole semi-revolution from conjunction to opposi- 



tion, and retarded from opposition to conjunction, the max- 
ima of acceleration and retardation occurring not far from 
quadrature^ The neutral points of the normal force are 
situated nearly as in the last case, that is to say, beyond 
the quadratures toward the opposition. All these varieties 
the student will easily trace out by simply drawing the fig- 
ures, and resolving the forces in a series of cases, beginning 
with a very large and ending with a very small diameter of 
the disturbing orbit. It will greatly aid him in impressing 
on hts imagination the general relations of the subject, if 




OUTLINEa OF ASTBO^OMT 


619 


he construct, as he proceeds, for each case, the elegant and 
Bymtnetrical ovals in \7hich the points N nod L (Jig vet. 
675) always lie, for a fixed position of M, and of which 
the annexed figure expresses the forms they respectively 
assume in the third case now under consideration The 
second only diCers from this, in having the common vertex 
ni of both ovals outside of the disturbed orbit A P, while 
in the case of an exterior disturbing planet the oval m L 
assumes a four lobed form, its lobes respectively touching 
the ON al m N in its vertices and cutting the orbit A P 
in the points of equidistance and of tangency (i e where 
M P S IS a right angle) as in this figure 



(718 ) It would be easy now, bearing these features m 
mind, to trace in any propo*5e«.l case the form of the spiroid 
curve described os above explained, by the upper focus 
It will sufTice, Loivever for our present purpose to remark, 
1st, That between every two successive conjunctions of P 
and M the same general form, the same subordinate undu 
lations, and the same terminal displacement of the upper 
focus are continually repeated 2dly, That the motion of 
the focus m this curie is reln^rade wheneier the disturb 
ing planet is exterior, and that in consequence the apsides 
of the TnoTnentaTy ellipse ni«o rcfsedo with a mean velocity 
such as, but for that dioplacement, would bring them round 
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at each conjunctzoa to the eamo relative situation with re 
spect to the line of syzjgies 3dly, That in consequence 
of this retrograde movement of the apse, the disturbed 
planet, apart from that consideration, would be twice in 
perihelio and twice in aphelio m its momentary ellipss 
in each synodic revolution, just ns in the case of the 
moon disturbed by the sun — and that in consequence of 
this and of the undulating movement of the focus H itself, 
an inequality will arise, analogous, mutalis mutandis in each 
case, to the moon s variation, under which term we compre 
hend (not exactly in conformity to its strict technical mean 
mg in the lunar theory) not only the principal inequality 
thus arising, but all its subordinate fluctuations And oa 
this the parallactic inequality thus violently exaggerated is 
superposed 

(719 ) We come now to the class of inequalities which 
depend for their existence on an appreciable amount of 
permanent excentricity in the orbit of one or of both the 
disturbing and disturbed planets, in consequence of which 
all their conjunctions do not take place at equal distances 
either from the central body or from each other, and there 
fore that symmetry in every synodic revolution on which 
depends the exact restoration of both the axis and excen 
tricity to their original values *»t the completion of each 
such revolution no longer subsists In passing from con 
junction to onjunction, then, there will no longer be 
effected either a complete restoration of the upper focus 
to the same relative situation, or of the axis to the same 
length which they respectively had at the outset At the 
same time it is not less evident that the differences in both 
respects are only what remain outstanding after the com 
pensation of by far the greater part of the deviations to and 
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fro irom a tocan state ^bicb occur m the course of the revo- 
lutioQ, &Q(1 that they amount to bat small fractions of the 
total excursions of the focas from its first position or of 
the increase and decrease in the length of the axis effected 
by the direct action of the tangential force — so small m 
deed, that unless owing to peculiar adjustments they bo 
enabled to accnmulate again and again at successive con 
junctions lu the same direction, tbe^ would be altogether 
undeserving of any especial notice in a work of this nature 
Such adjQStmenta however would cvideutl^ exist if the 
periodic times of the planets were exactl} commensurable 
since in that cose all the possible conjunctions which could 
over happen (the elements not being materially changed) 
would take place at fixed points m longitude the inter 
mediate points being never visited by a conjunction Now 
of the conjunctions thus distributed their relations to the 
lines of symmetry in the orbits being all dissimilar some 
one must be more mfiaential than the rest on each of the 
elements neeeseasvly the same upon nil) Consequently, 
ID a complete cycle of conjunctions wherein each has been 
visited IQ Its turn the inQuence of that one on the element 
to which it stands so especially related wiU preponderate 
over the counteracting and compensating infiuence of the 
rest and thus althongh in sneb a cycle as above specified, 
a farther and much more exact compensation will have 
been effected in its value than lo a single revolution still 
that compensation will not bo complete but a port on of 
the effect (be it to increase or to diminish the excentricity 
or the axis or to cause the apse to advance or to recede) 
will remain outstanding lo the nest cycle of the same 
’irfirfi ‘hicH xvi'i’i Vfc tmi *iub rvutlt- mW. 

same character and so on tiU at length a sensible and 
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ultimately a large amount of change shall have taken place, 
and in fact until the axis (and with it the mean motion) 
shall have so altered as to destroy the commensorability of 
periods, and the apsides have so shifted as to alter the place 
of the most influential conjunction 

(720 ) Now, although it is true that the mean motions 
of no two planets are exactly commensurate, yet cases are 
not wanting m which there exists an approach to this ad 
justment For instance, in the case of tfapiter and Saturn, 
a cycle composed of five periods of Jupiter and two of 
Saturn, although it does not exactly bring about the same 
configuration does so pretty nearly Five periods of Ju 
pitep are 21663 days, and two periods of Saturn, 21619 
days The difference js only 146 days, in which Jupiter 
describes, on an average, 12“, and Saturn about 6“, so that 
after the lapse of the former interval they will only be 7* 
from a conjunction la the same parts of their orbits os 
before If we calculate the time which will exactly bring 
about, on the average three conjunctions of the two planets, 
we shall find it to be 21766 dajs, their synodical period 
being 7253 4 days In this interval Saturn will have de» 
Bcnbed 8“ 6 in excess of two sidereal revolutions, and 
Jupiter the same angle in cxccoa of five Every third 
conjunction, then, will take place 8® 6 in advance of the 
preceding, which is near enough to establish, not, it is 
true, an identity with, but still a great approach to the 
ca‘<e in que‘»tion The cxcoas of action, for several such 
triple conjunctions (7 or 8) in succession, will he the same 
way, and at each of them the elements of P s orbit and its 
angular motion will be simtlarlj tnfitionced, so as to accu 
mufftto tfio cJT ct upon its fongitadt, li'ms giving nso to 
an irregularity of considerable magnitude and verj long 
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period, which ia well known to aatronomers by the name 
ol the great inequality of Jnpiter and Saturn. 

(721.) The arc 8® 6' is contained 4-11 times in the whole 
circurafcrenco of 3G0®; and accordingly, if we trace round 
this particular conjunction, we shall find it will return to 
the same point of the orbit in so many times 217C0 days, or 
in 2618 years. But the conjunction we are now consider- 
ing is only one out of three. The other two will happen at 
points of the orbit about 123® and 246* distant, anil thtsr 
points also will advance by the same arc of 8® 6’ in 21760 
days. Consequently the period of 2648 years will bring 
them all ronnd, and in that interval each of them will pass 
tbrongh that point of the two orbits from which we com- 
menced: hence a conjunction (one or other of the three) will 
happen at that point once in one third of this period, or in 
883 years; and this is, therefore, the cycle m which the 
“great inequality’’ would undergo iis foU compensation, 
did the elements of the orbits continue all that time in 
variable. Their variatitm, however, is considerable in so 
long an interval, and, owing to this canse, the period 
itself is prolonged to about 918 years 

(722) We have selected this inequality as the most re- 
markable instance of this kind of action on account of its 
magnitude, the length of its period, and its high historical 
mlerest It had long been remarked by astronomers, that 
on comparing together modem with ancient observations of 
J upiter and Satnm, the mean motions of these planets did 
not appear to be uniform. The period of Saturn, for in- 
stance, appeared to have been lengthening throughout the 
whole of the seventeenth century, and that of Jupiter short- 
rmmg — •‘inm 'iue xme pfoniirt'W5i&-uwnmiTrfry’xngging 

behind, and the other getting in advance of its calculated 
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place Oo the other hand, in the eighteenth centnrj, a 
process precisely the I'everse seemed to be going on It is 
true the whole retardations and accelerations observed were 
not very great, but, as their influence went on accnmulat 
ing, they produced, at length, matennl differences between 
the observed and calculated places of both these planets, 
which as they could not then be accounted for by any 
theory, excited a high degree of attention, and were even, 
at one time, too histily regarded as almost subversive of the 
Kewtoman doctrine of gravity For a long while this differ 
ence baffled every endeavor to account for it, till at length 
Laplace pointed out its caase m the near commensurability 
of the mean motions, as above shown, and succeeded in cal 
colatmg its period and amount 

(723) The inequality in question amounts at its maxi 
mum, to an alternate gam and loss of aboot 0^ 4.9 m the 
longitude of Saturn, and a corresponding loss and gam of 
about 0^ 21 m that of Jupiter That an ‘icceleration in the 
one planet must necessarily be accompanied by a retardation 
in the other might appear at first sight self evident, if we 
consider, that action and reaction being equal, and in con 
trary directions, whatever momentum Jupiter communicates 
to Saturn in the direction P if, the same momentum must 
Saturn communicate to Jupiter m the direction II P The 
one, therefore, it might seem to be plausibly argued, will be 
dragged forward, whenever the other is pulled back in its 
orbit The inference is correct so /ar as the general and 
final result goes, but the reasoning by which it would, on 
the first glance, appear to be thus summarily established is 
fallacious, or at least incomplete It is perfectly true that 
whatever momentum Jupiter communicates directly to Sat 
urn, Saturn communicates no equal momentum to Jupiter 
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ID &n opposite liocsr dircctioa Bat it is not with the nb^o 
late motions of the two planets in space that we are now 
concerned, bat with iho lelatno motion of each Bcparatel), 
with respect to the aim rcganlcd os at rest The p*rlurba 
ine forces (the forces which disturb these relative mot oris) 
do not act along the line of junction of the planets (art GW) 
In the reasoning thas objected to, the attraction of each on 
the san has been left oat of the nccoant * and it remains to 
be shown that these attractions neutralize aud destroy each 
other's effects in considerable periods of time, as bearing 
upon the result in question Snppo«e then that we for a 
moment abandon the point of view, m which we have 
hitherto all along considered the subject and regard the 
Buu as free to move, aud liable to be displaced by the at 
tractions of the two planets Then will the movements of 
all be performed about the common centre of gravity, just 
aa they would have been about the sun a centre regarded os 
immovable, the enu all the while circolaimg is a small orbit 
(with a motion compounded of the two elliptic motions it 
would have in virtue of their separate attractions) about the 
same centre Now in this case M still disturbs P and P, M, 
but the whole disCurhtn^ force now acta along their line of 
junction, and since it remains true that whatever momcatum 
hi generates la P, P will generate the same in M lu a coo 
trary direction it will also be strictly true that so far as a 
disturbance of their elliptic motions about the common centre 
of gravity of the syttem i* alone rejarderf, whatever disturb 
ance of velocity is generated lo the one, a contrary dis 

' tVe are here read eg • sort of reesntstioo Iq the ed tion of 1833 the 
remarkable resuU In i^ues oo m eou^t to be ea sbl si od bj thU t c o a reason 
Ing T1 e in stake Is a rery B*tu el one •Bd s so apt w J sunt the ideas of be 
ginoe a in this depanmeot of pbydea tlist It is worth while expressly to wem 
theca og^oac it. 
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turbanc© of velocjtj (only in the inverse ratio of the jna».e‘< 
md modified, though never contradicted, by the directions 
in which they are respectively moving), will be generated m 
the other Now when we are considering only inequalities 
of long period comprehending many complete revolutions 
of both planets, and which arise from changes in the axes of 
the orbits, afiecting their mean motions, it matters not 
whether we suppose these motions performed about tho 
common centre of gravity, or about the sun, which never 
departs from that centre to any material extent (the mass of 
the sun being such in companson with that of the planets, 
that that centre always lies within his surface) The mean 
motion therefore regarded as the average angular iclocity 
during a revolution, is tho sarao whether eslunatod by refer 
ence to the sun s centre, or to the centre of graMty, or, lo 
other words, the relatite mean motion referred to the sun is 
identical with the absolute mean motion referred to tho cen 
tre of gravity 

(724 ) This reasoning applies equally to every case of 
mutual disturbance resulting lo a long inequality such us 
may arise from a alow and long coolinued jicriodicaj locroasa 
and diminution of the axes and geometors ha% c accordingly 
demonstrated as a consequento from it, that the proportion 
lu vshicb such inequalities offcct tho lonffiludes of the two 
planets concerned, or tho niaxima of the ixcc-'scs and do 
feels of thuir longitudes above and below their clliptio 
values thciiLC arising in caob, arc to (.acli other in the in 
verso ratio of their kioshcs multiplied by the square rtnjw 
of the major axes of ihcir orbits and this result is confirim 1 
by observ "Vlion, and will be found vcriflid in the ni«cmco 
imracdiatciy in question n< o«rfy or fiVe aneerrsmty sfnV 
subsisting os to tho m i<*sca of the two pivnela will ( ertnit 
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(725) The inequality in quealion, as has been observed 
in general (art 718) vrouM be much greater, vrere it not for 
the partial coinpttisation which is operated m it m o^ery 
tnple conjunction of the planets Suppose P Q R to be 
Saturn’s orbit, and p 5 r Jupiter’s, and suppose a conjunc 
tion to take place at V p, on the line S A, a second at 123“ 
distance, on the line S B, a third at 216“ distance, on S 0, 
and the next at 8G8“, on S D This last mentioned con 
junction, taking place nearly in the 
situation of the first, will produce 
nearly a repetition of the first effect 
lu retarding or accoleraiing the plan* 
ets, but the other two, being in the 
moat temote situations possible from 
the first, uvU happen uader entirely 
different circumstances as to the posi 
tioD of the perihelia of the orbits Now, wc bavo seen that 
a presentation of the one planet to the other m conjanctiOD, 
in a variety of situations, tends to produce compensation, 
and, in fact, the greatest possible amount of compensation 
which can be produced by only three conjunctions is when 
they are thus equally distributed round tbo centre Hence 
wo eee that it is not the whole amount of perturbation which 
is thus accumulated in each triple conjunction, but onlj that 
email part which is left UDCompensatcd by the intermediate 
ones The reader, who possesses already some acquaint 
ance with the subject, will not be at a loss -to perceive how 
this consideration is, m fact equivalent to that part of the 
geometrical investigation of this inequality which leads us 
to seek Its expression in terma of the third order, or involv 
ing the cubes and products of three dimensions of the ercen 
tncities and inclmatioDS and how the continual accumula 
AsTBO\oinr— Vol XS— 8 ^ 
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tion of small quantities, dunog long periods, corresponds to 
what geometers intend when they speak of small terms re 
ceiving great accessions of magnitude by the introduction of 
large coefficients in the process of integration 

(726 ) Similar considerations apply to every case of ap 
proximate commensurability which can take place among 
the mean motions of any two planets Such, for instance, 
is that which obtains between the mean motion of the earth 
and Venus — 13 times the period of Venus being very nearly 
equal to 8 times that of the earth This gives nse to an ex 
tremely near coincidence of every fifth conjunction, in the 
same parts of each orbit (within yHth part of a circumfer 
ence), and therefore to a correspondingly extensive accumu* 
lation of the resulting uncompensated perturbation But, 
on the other hand, the part of the perturbation thus accumu 
lated 18 only that which remains outstanding after passing 
the equalizing ordeal of five conjunctions equally distnb 
uted round the circle, or, m the language of geometers, is 
dependent on powers and products of the excentncities nod 
inclinatioDS of the fifth order It is, therefore, extremely 
miuute, and the whole resulting inequality, according to the 
elaborate calculations of Mr Airy, to whom it owes its de 
tection, amounts to no more than a few seconds at its maxi 
mum, while its period is no less than 240 years This 
example will servo to sbon to what minuteness these inqui 
rics have been carried in the planetary theory 

(727) That sanations of long period arising in the way 
above described are necessarily accompanied by similarly 
periodical displacements of the upper focus, equivalent tn 
their eilect to periodical Hactuations in the magnitude of the 
excenlncity, and m the position of the line of apsides, is 
evident from what has been already said respecting the mo 
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ion of the upper focus under the influence of the distnrbmg 
orces In the case of circnlar orbits the mean place of H 
oincides with S the centre of the son bnt if the orbits have 
in^ independent elhpticitj, this coincidence will no longer 
ixiBt — and the mean place of the upper focus will come to 
)e inferred from the average of all the situations which it 
ictnally holds during an entire revolution Now the fixity 
}f this point depends on the equality of each of the branches 
5f the cuspidated curves, and consequent equality of excor 
3\on of the focus in each particular direction in every sue 
[lessive situation of the hue of conjunction Sut if there be 



some one line of conjunction in which these excursions are 
greater id any oae particular direction than in another the 
mean place of the focus will be displaced and if this process 
be repeated that mean place will continue to deviate more 
and more from its original petition and thus will an«e a 
circulation o£ the mean place of the focue for a reioltiUon 
about another mean situation the average of all the former 
mean places during a complete cycle of conjauctions Sup 
posing S to be the aun 0 the situation the upper focus 
would have had these inequalities no existence and H K 
the path of the upper focus which it pursues about O by 
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reason of them, then it le evident that m the course of a 
complete cycle of the inequality m question, the ezcentrie 
ity will have fluctuated between the extreme limits S J and 
S 1 and the direction of the longer axis between the extreme 
position S H and S K, and that if we suppose * ^ A to be 
the corresponding mean places of the focus, tj will be the 
extent of the fluctuation of the mean excentncity, and the 
angle k s A, that of the longitude of the perigee \ 

(728 ) The periods then in which these fluctuations go 
through their phases are necessarily equal in duration with 
that of the inequality in longitude, with which they stand 
in connection But it by no means follows that their max 
ima all coincide The variation of the axis to which that 
of the mean motion corresponds, depends on the tangential 
force only whose maximum is not at conjunction or oppo^t 
tioD, but at points remote from either, while the excentncity 
depends both on the normal and t^ingentml forces, the maxi 
mum of the former of which la at the conjunction That 
particular conjunction, therefore, which is most loflucntisl 
on the axis, is not so on the excentncity, so that it can by 
no means be concluded that either the maximum value of 
the axis coincides with the niaxinium, or the minimum 
of the excentncity, or with the greatest excursion to or 
fro of the line of apsides from its mean situation, all that 
can be s'lfely asserted is, that as either the axis or the 
excentncity of the one orbit vanes, that of the other will 
vary in the opposite direction 

(729 ) The primary elements of the lunar and planetary 
orbits, which may be regarded ns variable, are the longitude 
of the node, the iiichnatton, the axis, excentncity, longi 
tudo of the penlielioii, and epoch ^art 496) In the fore 
going articles wo ha>o shown tn what manner each of the 
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first five of these elements is macle to rsrj, by the direct 
action of the perturbing forces It remains to explain m 
whit manner the last comes to be affected by them And 
here it is necessary, in the first instance, to remove some 
degree of obscurity which may be thought to hang about 
the sense in which the term itself is to be understood in 
speaking of an orbit, every other element of which is re- 
garded as ID a continnal state of variation Supposing, 
then, that we were to reverse the process of calculation 
described in arts 499 and 600 by which a planet’s helio 
centric longitude in an elliptic orbit is computed for a given 
time, and selling out with a heliocentric longitude ascer 
tamed by observation, all the other elements being known, 
we were to calculate either what mean longitude the planet 
had at a given epochal time, or, which would come to the 
same thing, at what moment of time (thenceforward to be 
assumed as an epoch) it bad a given mean longitude It 
18 evident that by this means the epoch, i! not otherwise 
known, would become known, whether we consider it as 
the moment of time corresponding to a convenient mean 
longitude, or as the mem longitndc corresponding to a coo 
vement time The latter way of considering it has some 
advantages in respect of general convenience, and astrono 
mers are m agreement in employing, as an element under 
the title Epoch of the mean longitude the mean longi 
tude of the planet so computed for a fixed date, as, for 
instance, the commencement of the year 1600 mean time 
at a given place Supposing now all the elements of the 
orbit invariable, if we were to go through this reverse proc 
css, and thus ascertain the epoch (so defined) from any 
number of dvffeient perfectly correct heliocentric longi 
tudes, It is clear wo shoold always come to the same 



OUTLI^iES OF ASTROhOilY 


aj2 

result One and tbo aamo “epoch** would come out from 
all the calculations 

(730 ) Considering thou tbo **epoch" in this light, as 
merely a result of this resrersed process of calculation, and 
not as tbo direct result of an observation instituted for the 
purpose at the precise epochal moment of time (which would 
be, generally speaking, impracticable), it might be conceived 
subject to variation in two distinct ways, viz dependently 
and independently Depeodent/y it must vary, as a neces 
sary consequence of the variation of the other elements, 
because, if setting out from one and the same observed 
holiocentnc longitude of the planet, we calculate back to 
the epoch with two different sets of intermediate elements, 
the one set consisting of those which it bad immediately 
before its arrival at that longitude, the other that which it 
takes up immediately after (t e with an unvaried and a 
varied system), we cannot (unless by singular accident of 
mutual counteraction) arrive at the same result, and the 
difference of the results is evidently the variation of the 
epoch On the other band, however, it cannot vary inde 
pendently, for since this is the only mode in which the un 
varied and varied epochs can become known, and as both re 
suit from direct processes of calculation involving only given 
data, the results can only differ by reason of the difference 
of those data Or we may ai^ue thus The change in the 
path of the planet, and its place m that path so changed, 
at any future time (supposing it to undergo no further 
variation) are entirely owing to the change in its velocity 
and direction, produced by the disturbing forces at the point 
of disturbance, now these latter changes (as we have above 
seen) are completely represented by the momentary change 
in the situation of the upper focus, taken in combination 
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with the momentary variation in the plane of the orbit and 
these therefore express the total effect of the disturbing 
forces There is, therefore, no direct and specific action on 
the epoch as an independent variable It is simply left 
to accommodate itself to the altered state of things in the 
mode already indicated 

(731) Nevertheless, should the effects of perturbation 
by inducing changes on these other elements affect the 
mean longitude of the planet in any other way than can. 
be considered as properly taken account of, by the varied 
periodic time due to a change of axis, such effects must be 
regarded as incident on the epoch This is the case with 
Q very curious class of perturbations which we are now tc 
consider, and which have their origin m an alteration of 
the average distance at which the disturbed body is found 
at every instant of a complete revolution, distinct from, 
and not brought about by the venation of the major aemi 
axis or momenlart/ “nwrtn dutance ’ which is an imaginary 
magnitude, to be carefully distioguished from the average 
of the actual distances now contemplated Perturbations of 
this class (like the moon s venation, with which they are 
intimately connected) are independent on the excentncity 
of the disturbed orbit, for which reason we shall simphCy 
our treatment of this part of the subject, by supposing that 
orbit to have no permanent excentncity, the upper focus in 
Its successive displacements merely revolving about a mean 
position coincident with the lower V7e shall also suppose 
M -very distant, as in the lunar theory 

(732 ) Referring to what la said in arts 706 and 707, and 
to the figures accompanying those articles, and considering 
first the effect of the tangential force, we see that besides 
the effect of that force in changing the length of the axis, 
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and consequently the penodic time, it causes the upper 
focus II to describe, in each revolution of P, a four cusped 
curve, a, d, b, e, about S, all whose intercuspidal arcs are 
similar and equal This supposes M fixed, and at an in 
variable distance — suppositions which simplify the relations 
of the subject, and (as we shall afterward show) do not 
affect the general nature of the conclusions to be drawn 
In virtue, then, of the excentncity thus given rise to, P 
will be at the pengee of its momentary ellipse at syzygies 
and in its apogee at quadratures Apart, therefore, ftom the 
change arising /ram the tartation of nais, the distance of P 
from S will be less at syzygies, and greater at quadratures, 
than m the original circle But the average of all the dia 
tances during a whole revolutiou will be unaltered, because 
the distances of a, d, b, e from S being equal, and the arcs 
symmetrical, the approach id aud about pengee will be 
equal to the recess in and about apogee And, m like 
manner, the effect of the changes going on m the length 
of the axis itself, ou the average in question, is nif, 
because the alternate increases and decreases of that 
length balance each other in a complete revolution Thus 
we see that the tangential force is excluded from all in* 
fiuence in producing the class of perturbations now under 
consideration 

(733 ) It IS otherwise with respect to the normal force. 

In virtue of the action of that force the upper focus de 
Bcnbes, in each revolution of P, the four cusped curve 
(fig art 707), whose lutercuspidal arcs are alternately of 
very unequal extent, arising, as we have seen, from the 
longer duration and greater energy of the outward than 
of rie inward action of the distorbing force Aftfioagfi, 
therefore, in pengee at syzjgita and in apogee at quadra 
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tares, the apogc'iil recess js much greater tlian the pcngcal 
approach, jnaomuch ns S of greatly ciceeds So On the 
average of a whole revolotiOD, then, the recesses will pre 
ponderate, and the average distance will therefore be 
greater in the distnrbcd than in the nodistarbed orbit 
And It IS manifest that this conclusion is quite indepen 
dent of any change in the length of the axis, which the 
normal force has no power to produce 

(734 ) Bat neither does the normal force operate any 
change of linear velocity in the disturbed body When 
earned out, therefore, by the effect of that force to a 
greater distance from S, the angular velocity of its mo 
ttoQ round S will be diminished and coutrariwise wlieu 
brought nearer The average of all the momentary an 
gulw motions, therefore, will decrease with the mcreaso 
ID that of the momentary distances, and id a higher 
ratio, since the angular velocity, under an equable de 
BcnptiOQ of areas, is inversely as the square of the 
distance, and the disturbing force, being (m the case 
Bopposed) directed to or from the centre, does not dts 
turb that equable description (ort 616) Consequently, on 
the average of a whole revolution, the angular motion 13 
slower, and therefore the time of completing a revolution, 
and returning to the same longitude, longer than in the 
undisturbed orbit, and that independent of and without any 
reference to the length of the momentary axis, and the 
"periodic time" or "mean motion" dependent thereon 
We leave to the reader to follow out (as is easy to do) the 
same tram of reasoning in the cases of planetary perturba 
tion, when Id is not very remote, and when it is interior to 
the distorbed orbit In the latter case the preponderant 
effect changes from a retardation of angular velocity to an 
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iiccelcration, and tho dilatation of tbo avenge dimensions of 
P's orbit to a ci^ntraction 

(785 ) Tho above is an accnrato analysis, according to 
strict d} namical principles, of an effect which, speaking 
roughly, may be assimilated to an alteration of M’s gnvi 
tation toward S by the mean preponderant amoant of tho 
outward and inward action of the normal forces constantly 
exerted — nearly aa would be the case if the ma®s of the dis- 
turbing body were formed into a ring of uniform thickness, 
concentric with S and of such diameter as to exert an action 
on P everywhere equal to such mean preponderant force, 
and in the same direction as to inward or outward For it 
18 clear that the action of such a nng on P, will be the 
difference of its attractions on the two points P and S, ol 
which the latter occupies its centre, the former is ezeentno 
Now the attraction of a nng on its centre is manifestly 
equal in all directions, and therefore, estimated m any one 
direction, is zero On the other hand, on a point P out of 
its centre, if wtChin the nog, the resulting attraction will 
always be outward, toward the nearest point of the ring, or 
directly from the centre * But if P lie without the nng, the 


* As this Is a piopos tion which the c<juil brraoi of Salurn’s nng renders not 
merely spccolative or lilcscrstlTe, It will to well to demonstrate it, which may 
be done rery simply sod i^lhoiit Che aid of any calculus Goncewe a spheric^ 
shell and a point within it esery line passing through the point and terminal 
iog both ways la the shoJJ will of cooree. to equally mejmed to its sartaco at 
either end being a chord of a spherical surface and therefore symmetrically 
related to all I ta parfa Now coneeiTe a email double cone or pyram d, haviog 
its epex at the point, and formed by the conical motion of aiich a 1 oe round the 
poiat. Then will the two port ons of the spbencnl shell which form the hoses 
of both the cones or pyramids be similar and equally inclined to their axes. 
Therefore their areas will be to each other aa the gqaares of iheir dislaueo from 
the common apex Tlierefore their attnctuKia on it will be equal because the 
attraction is aa the attracting msltor directly, and the square of ita distance In- 
Teraely Now, these attractions act in opposite directions and therefore cotia 
teract each other Therefore the pornt la in eqaDibnam between them, and as 
the same is true of every such pair of areas into which the sphencal shell can 
be broken up therefore tho point wIB bo In equilibrium hoteever litvated tcifflia 
such a spherical shell Now take a flag, and treat it similarly, breaking its 
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rcsaltiDg force will act always intcartf, aiding P toward its 
centre Ilcnco it appears that the mean effect of the radial 
force of the ring will be difTcreot in its directton, according 
as the orbit of the distarbing body is exterior or interior 
to that of the disturbed In the former case it will act m 
dvminatioa, in the latter in augmentation of the central 
gravity 

(736 ) Bcgarding, still, only the mean effect, os produced 
in a great number of rovolations o{ both bodies, it is cti* 
dent that such an increase of central force will be acciim* 
panted with a diminution of periodic time and distance of a 
body revolving with a stated velocity, and vice versS This, 
as we have shown, la the first and most obvious effect of the 
radial part of the disturbing force, when exactly anal} zed. 
It alters permanently, aod by a certain mean amount the 
distances and times of revolotion of all the bodies compos* 
ing the planetary system, from what they would be, did 
each planet circulate about the sun Qninfloenced by the at* 
traction of the rest, the angular motion of the interior bodies 
of the system being thus rendered less, and those of the exie 
nor greater, than on that supposition The latter effect m 
deed, might be at once concluded from this obvious consider 
ation — that all the planets rerolviog interiorly to any orbit 
may be considered as adding to the general aggregate of the 
attracting matter within, which is not the less efficient for 
being distributed over space, and maintained in a state of 
circulation 

circumference up bto pairs of elements iha basss of trumgUa formed bj lines 
pass ng tl rough the attracted po st Here the attract ng elemo ts be ng hitf 
sot rur/aeea are m the ample rsuo of tto d atssees not the d pluaU as tl &/ 
shonld be lo tnainiain tbe equtl briimi therefore it v 11 sol be sis sinned 
but (be neareft elements w 11 bare the auporiontg and the po nt will on the 
whole, be urg<Kl toward the nearest part of the ring The same is (rue of averp 
bnrar nag a id is therefore true of sop •ssemblage of coDcentrlc ones forming 
% flat aanulns, like the i^g of Saturn. 
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(787v) Thi« effect, however, is one which we have no 
means of mcosnring, or even of detecting, otherwise than hj 
cafculation. For our knowledge of the periods of the plan- 
ets is drawn from observations made on them in their actnal 
state, and therefore nndcr the influence of this, which may 
bo regarded as a sort of conatani part of the pcrtnrbative 
action. Their observed mean motions are therefore affected 
by tho whole amoont of its influcnco; and wo have no 
means of distingnishing this by observation from the direct 
effect of tho sun's attraction, with which it is blended. Our 
knowledge, however, of the mosaics of the planets assures us 
that it is extremely small, and this, in fact, is all which it 
is at all important to us to know, in the theory of their 
motions 

(738 ) Tho action of the son upon the moon, in like man- 
ner, tonds, by its mean influence during many successive 
revolutions of both bodies, to increase permanently the 
moon’s distance and periodic time But this geDe^l^ave^ 
ago is not established, either in the c.'tse of the moon or 
planets, without a senes of subordinate fluctuations, which 
we have purposely neglected to take account of in the above 
reasoning, and which obviously tend, in the average of a 
great multitude of revolutions, to neutralize each other. In 
tho lunar theory, however, some of these subordinate fluc- 
tuations are very sensible to observation The most con- 
spicuous of these 18 the moon’s aoaual equatiou, so called 
because it consists in an alternate increase and decrease in 
her longitude, corresponding with the earth’s situation in 
its annual orbit, t e to its angular distance from the perihe- 
lion, and therefore having a year instead of a month, or 
part of a inomA, for its jwrroc? lb trneferstaad 
mode of its production, let us suppose the sun, still bolding 
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iscd position m longitodo, to approach gradoall}' nearer 
the earth. Then wiU all ila di-tarbing forces bo grade* 
y increased in a very high ratio compared with the dimi* 
itioQ of the distanco (being inversely as its onbo; so that 
I effects of every kiod are three times greater in respect of 
j change of distance, than they woold be by tbe simple 
w of proportionalitj) Hence, it is obvious that the focus 
(art 707) in the act of de«cnbing each intercuspidal arc of 
le carve a, d, b, e, will be continaal}^ carried out forthor 
id farther from S, and the carve, instead of returning into 
self at the end of each revolution, will open out into a sort 
' cnspidated spiral, os in the figure annexed Kctracing 
ow the reasoning of art 7fi3 as adapted to this state of 
nogs, It will be seen that so lon^ os 
Its dilatatiou goes ou, so long will the 
ifference between M’s recess from S in 
phelio and its approach in peribelio 
rrhich is equal to the difference of 
onsecutive long and short semidiamcters of this curve) 
ilso continue to increase, and With it tbe average of the 
hstances of M from S in o whole revolation, and con* 
lequeutly also the time of performing such a revolution 
The reverse process will go on ns tbe son again recedes 
Thus It appears that, as the son approaches tbe earth, the 
mean angular motion of the moon on the average of a whole 
rerolntion will diminish, and tbe duration of each lunation 
will therefore exceed that of the foregoing, and vice verad 
(7S9 ) The moon’s orbit being supposed circular, the 
sun’s orbitmil motion will have no other effect than to keep^ 
the moon longer under the influence of every gradation of 
f ne tiistaf Ding lorce, fuan woui&*nave'oeen fne case hacl 'his 
Bitnation in longitude remained unaltered (art 711) The 




two 


OUTUHIS OF ASTROVOMY 


samo effects, tlicreforo, mil toko place, only on an increased 
pcalo ID tbo proportion of the increased time; t e in the pro 
portion of the Bynodro to the sidereal revolution of the 
moon Observation conBrma these results, and assigns to 
the inequality in qncstion a maxitnnm value of between 10' 
and 11', by which the moon is at one time in advance of, 
and at another behind, its mean place, m consequence of 
this perturbation 

(740 ) To this class of inequalities we must refer one of 
great importance, and extending over an immense period of 
time, known by the name of the *ecu?ar aeceUrahon of the 
moon's mean motion It had been observed by Dr 
on comparing together the records of the most ancient lunar 
eclipses of the Ohaldeah astronomers with those of raodera 
times, that the period of the moon’s revolution at present is 
eensibly shorter than at tb]it remote epoch, and this result 
was confirmed by a further comparison of both sets of obser 
vatioQS with those of the Arabian astronomers of the eighth 
and ninth centuries It appeared, from these comparisons, 
that the rate at which the moon s mean motion increases is 
about II seconds per century — a quantity small in itself, 
but becoming considerable by its accumulation during a 
succession of ages This temarkaWe fact, like the great 
equation of Jupiter and Saturn, had been long the subject 
of toilsome mvestigation to geometers Indeed, so difficult 
did it appear to render any exact account of, that while some 
were on the point of again declaring the theory of gravity 
inadequate to its explanation, others were for rejecting alto 
gether the evidence on which it rested, although quite ns 
satisfactorv ^hat on which most historical events are 
cmffOfrf It was fo fiiw tfrfettrmis thjst iapi’sce once 
stepped in to rescue physical astronomy from its reproach. 
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by pointing out the real cause of the phenomenon in qncs 
tion ^bich, when so explained, is one of the most canons 
and instructive m the whole range of our subject — one 
which leads our speculations further into the past and 
future, and points to longer vistas in the dim perspective 
of changes which our system has undergone and is yet to 
undergo, than any other which observation assisted by 
theory has de\ eloped 

(741 ) The year is not an exact number of lunations It 
consists of twelve and a fraction Supposing then the sun 
and moon to set out from conjunction together at the 
twelfth conjunction subsequent the sun will not have re 
turned precisely to the same point of its annual orbit, but 
will fall somewhat short of it and at the thirteenth will 
hare overpassed it Hence in twelve lunations the gam of 
longitude during the first half year will be somewhat under 
and lu thirteen somewhat over compensated In twenty sis 
It will be nearly twice as much overcompensated m thirty 
nine not quite so nearly three times as much, and bo on, 
unttl after a certain number of such multiples of a lunation 
have elapsed, the sun will be found half a revolution in ad 
vance, and m place of receding further at the expiration of 
the next, it will have begun to approach From this tune 
every succeeding cycle will destroy some portion of that 
overcompensatioQ until a complete revolution of the sun m 
excess shall be accomplished Thus arises a subordinate 
or r-ither supplementary inequality, having for its period as 
many years as is necessaty to multiply the deficient arc into 
a whole revolution, at the end of which time a much more 
exact compensation will have been operated and so on- 
Thus after a moderate number of years an almost perfect 
compensation will be effected, and if we extend onr views 
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to centuries vio may consider it as quite so Such at leisi 
would bo the case if the Bolar ellipse were invariable But 
tint ellipse is kept in a continual but excessively slow state 
of cliango by the action of tho planets on the earth Its 
a\is, It 18 true, remains unaltered, but its excentricity is, 
and Ins been since tho earliest ages, diminishing, and this 
diminution will continue, as is explained in art 701 a till 
the excentricity baa attained its minimum value, 0 003314, 
after winch it will again open out into an ellipse, increixicg 
in excentricity^up to 0 077747, and then again decrease 
The time required for these evolutions, though calculable, 
has not been calculated, further than to satisfy us that it is 
not to he reokoned by hundreds or by thousands of years 
It 13 a period, in abort, in which the whole history of as 
tronomy and of the human race occupies but as it were a 
point, during which all its changes are to be regarded as 
uniform Now, it is by this variation in the excentricity of 
the earth’s orbit that the secular acceleration of the moon is 
caused The compensation above spoken of (even after the 
lapse of centuries) will now, we see, be only impertecily 
effected, owing to this slow shifting of one of the essentnl 
data The steps of restoration are no longer identical with, 
nor equal to, those of change Tho struggle up hill is not 
maintained on equal terms with the downward tendency 
The ground is all the while slowly sliding beneath the feet 
of the antagonists Dnnng the whole tune that the earth's 
excentricity is diminishing, a preponderance is given to the 
reaction over the action, and it is not till that diminution 
shall cease, that the tables will be turned and the process of 
ultimate restoration will commence Meanwhile, a minute, 
outstanding, and uncompensated effect in favor of accelera 
tion 13 left at each recurrence, or near recurrence, of the 
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erne configurations of the san, the moon, and the solar pen 
gee These accumulate, and at length affect the moon’s 
longitude to an extent not to be overlooked 

(742 ) The phenomenon, of which we have now given an 
account, is another and very striking example of the propa 
gation of a periodic change from one part of a system to an 
other The planets, with one exception, have no direct ap 
preciable action on the Innar motions as referred to the 
earth Their masses are too small, and their distances too 
great, for their difference of action on the moon nod earth 
ever to become sensible Yet tbeir effect on the eatlb’s 
orbit :s thus, We see, propagated through the snn to that of 
the moon, and, what is very remarkable, the transmitted 
effect thus indirectlj produced on the angle desenbed by 
the moon round the earth is more sensible to observation 
than that directly produced by them ou the angle desenbed 
by the earth round the sun 

(748) Relerring to the reasoning ol art 788, we shall 
perceive that if, owing to any other cause than ita elliptic 
motion, the sun s distance from the earth be subject to a 
periodical increase and decrease, that variation will give rise 
to a lunar inequality of equal period analogous to the an 
nnal equation It thus happens that very minnte changes 
impressed on the orbit of the earth, by the direct action of 
the planets (provided their periods though not properly 
speaking secular, be of considerable length) may make 
themselves sensible in the lunar motions The longitude 
of that satellite, as observed from the earth, is, in fact, sin 
gulatly sensible to this kind of reflected action, which illos 
trates in a striking manner the principle of forced vibrations 
laid down in art 6o0 The reason of this will be readily 
apprehended, if we consider that however tnfling the in 
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crcn^o of her longitude vrhtch would nri«c in a single re\o 
lution, from a minute and almost infinitesimal incrca’o of 
her mean angular ^ clocil^, that increase is not onlj repeated 
in each aubsequent revolution but is reinforced during each 
bj a similar fresh accession of angular motion generated m 
its lapse Tins process goes on "o long as the angular mo 
tion continues to increase and only begins to be reversed 
wlien lapse of lime, bringing round a contrary action on the 
angular motion, shall have dc3tro3ed the cxcc^3 of velocity 
previously gained, and begun to operato a retardation lo 
this respect the advance gamed by the moon on beruQilis 
turbed place may be assimilated, during its increase, to tlie 
space described from rest under the action of a continually 
necelerattng force The velocity gained in each instant is 
not only effective in carrying the body forward dunng each 
subscqneot instant, but new rclocilies are every instant 
generated and go on adding their comulative effects to 
those before produced 

(7-i4 ) The distance of the earth from tbe sun, like that 
of the moon from the earth, may be ntlected in its average 
value estimated over long periods embracing many revolu 
tions, in two modes, conformably to the theory above debv 
ered Jet it may vary by a variation in the length of the 
axis major of its orbit nnsiog from tbe direct aclton of some 
tangential disturbing force on its velocity and thereby pro 
ducing a change of mean motion and penodic time in virtue 
of the Keplerian law of periods which declares that the 
penodic times are xn the sesquiplicate ratio of the mean dis 
tances Or, 2dly, it may vary by reason of that peculiar 
action on the average of actual distances during a revolu 
tion which arises from variations of excentricity and pen 
hehon only, and which produces that sort of change in the 
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meiQ motioQ wbicb wo have cbaraclcri/ed as iDcidcDt on 
tbe epoch The change of mean motion thus arising, has 
nothing whatever to do with any vanatioa of the major asvs 
It does not depend on the change of distance by the Kep 
lenan law of periods, bat by that of areas Tbe altered 
mean motion is not aub sesqniphcate to the altered axis of 
the ellipse, which in fact docs not alter at all, bat is su& 
duplicate to the altered aterage of distances in a revolution, a 
distinction which mast be carefully borne in mind by every 
one who will clearly anderstand either tbe subject itself, or 
the force of Newton’s explanation of it in tbe 6th Corollary 
of bia celebrated 66tb Proposition In whichever mode, 
however, an alteration in the mean motion is effected, if we 
accommodate the general sense of our language to tbe spe 
oialties of the case, it remains true that every change in the 
mean motion is accompanied with a corresponding change 
in the mean distance 

(746) Now we have seen (art 726) that Venus produces 
in the earth a perturbation in longitude, of so long a period 
(240 years) that it cannot well be regarded without violence 
to ordinary language, otherwise than as an equation of tbe 
mean motion Of course, therefore, it follows that during 
that half of this long period of time, in which the earth's 
motion is retarded, tbe distance between the sun and ejith 
13 on the increase, and vice lersd Minute as is tbe equation 
in question, and consequent alteration of solar distance, and 
almost inconceivably minute as is the effect produced on the 
moon’s mean angular velocity lo a single lunation yet the 
great number of lunations (1464) during which the effect 
goes on accumulating in one direction, causes the moon at 
the moment when that accnmulatiou has attained its maxi 
mum to be very sensibly m advance of its nndislnrbed place 
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(viz b) 23' of lotigilmle), and a(ur 148-1 more lunations, os 
much m arrear Tlio caloulations bj wlucb tbis cunous 
result has boon established, formidable from their length 
and intricacy, aro due to tbo industry, ns the discovery of 
Its origin 13 to the sagacity, of Professor UaDsen 

(740 ) The action of Venus, just explained, is indirect, 
being as it were a sort of reflection of its infiaonce on the 
earth s orbit But a very remarkable instance of its influ 
ence, in actually perturbing tho moon’s motions by its direct 
attraction, has been pointed out, and the inequality dac to 
it computed by the same eminent geometer * As the details 
of hia processes bate not yet appeared, we can here only ex 
pkiu, in general terms, tbe pniictple on which tho result m 
question depends, and the nature of tbe peculiar adjustment 
of the mean angular velocities of the earth and Venus which 
render it cilective Tho disturbing forces of Venus on the 
moon are capable of being represented or expressed (as la 
indeed generally tbe case with all the forces concerned m 
producing planetary disturbance) by the substitution for 
them of a series of other lorcea, eaoh having a period or 
cycle within which it attains a maximuoi in one direction, 
decreases to nothing, reverses its action, attains a maximum 
in the opposite direction, again decreases to nothing again 
reverses its action and reattains its former magmtude and 
80 on These cycles differ for each particular constituent 
or term, as it is called of the total forces considered as so 
broken up into partial ones and generally speaking, every 
combination which can be formed by subtracting a multiple 
of the mean motion of one of the bodies concerned from a 
multiple of that of the other and, when there are three 
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totlies fltstnrbiog one another, e^ery such triple combina 
lion becomes, under the technical name o( an argument, the 
cjcbcnl representative o! a force acting in the manner and 
according to the law described Each of these periodically 
acting forces produces its perturbative effect, according to 
the law of the superposition of small mottoas, as if the 
others had no existence And if it happen, as in an im 
mense majority of cases it docs, that the cycle of any par 
ticular one of these partial forces has no relation to the 
periodic time of the disturbed body, so as to bring it to the 
same or very nearly the same point of its orbit or to any 
Rituation favorable to any particular form of disturbance 
over and over again when the force is at its maximum (hat 
force will, m a few revolatioos neutralize its own effect 
and nothing bat fluctuaiioDS of brief duration can result 
from Its action The contrary wall evidently be the case, 
if the cycle of the force coincide so nearly with the cycle 
of the moon s anomalistic revolution, as to bring round the 
maximum of the force acting in one and the same direction 
(whether tangential or normal) either accurately or very 
nearly indeed to some definite point as for example, the 
apogee of her orbit Whatever the effect produced by such 
a force on the angular motion of the moon i! it be not ex 
actly compensated in one cycle of ita action it will go on 
accumulating, being repeated over and over again under 
circumstances very nearly the same for many successive 
revolutions, nntil at length owing to the want of precise 
accuracy in the adjustment of that cycle to the anomalistic 
period the maximum of the force (in the same phase of its 
action) IS brought to coincide with a point in the orbit (as 
the perigee) detenninitive of ao opposite effect inil thus, 
at length a compensation will be worked out, in a time 
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bowever, so much the longer as the difference between the 
c^clo of the force and tho moon's onomolistic period is less. 

(747.) Kow, in fact, in the case of Venus disturbing the 
moon, there exists a cjclical combination of this kind. Of 
course tho disturbing force of Venus on the moon varies 
with her distance from tho earth, and this distance again 
depends on her configuration with respect to the earth and 
the sun, taLing into account Oie ellipUcUy of both thdr orbits 
Among tho combinations which take their rise from this 
latter consideration, and which, ns may easily be sup 
po^ed, are of great complexity, there is a term (an exceed- 
ingly minute one), whoso argument or cycle is determined 
by subtracting 16 limes the mean motion of the earth 
from 18 limes that of Venos The differeoce jfl so 
very nearly the mean motioo of the moon in her anora* 
ahstic rovolatton, that whereas the latter revolution is 
completed in 27^ 18^ 18" 82 8*, the cycle of the force is 
completed in 27' 18" 7* 85 6*, differing from the other by 
no more than 10" 66 7*, or about one 3625th part of a com- 
plete period of the moon from apogee to apogee. During 
half of this very long interval (that is to say, dunng about 
136i years), the pertnrbatione produced by a force of this 
character, go on increasing and accumulating, and are de- 
stroyed in another equal interval. Although therefore 
excessively minute m thoir actual effect on the angular 
motion, this minuteness is compensated by the number of 
repeated acts of accumulation, and by the length of time 
during which they continue to act on the longitude. Ac- 
cordingly M Hansen has found the total amount of fluctua- 
tion to and fro, or the value of the equation of the moon s 
longitude, so arising to be 27 4' It is exceedingly interest- 
ing to observe that the two eqoationa considered in these 
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latter paragraphs, account salislactonly for the only reniam* 
mg material diSerencea between theory and observation m 
the modem history of this hitherto rebellious satellite \Ve 
have not thought it necessary (indeed it would have re 
quired a treatise on the subject) to go into a special account 
of the almost innumerable other lunar inequalities which 
have been computed and tabulated, and which are iiecea 
sary to be taken into account in everj compuiati »n ol lier 
place from the tables Many of them are of %ery much 
larger amount than these "We ought not however, to pass 
unnoticed, that the parallactic inequality, already explain? 1 
(art 712), is interesting, as affording a measure of the '•on s 
distance For this equation ongiuates, as there shown in 
the fact that the disturbing forces are not precisely alike 
in the two halves of the moon's orbit nearest to and most 
remote from the suu, alt their %alae3 being greater lu the 
former half As a knowledge of the relative dimensions of 
the solar and lunar orbits enables us to calculate d priori 
the amount of this inequality, so a knowledge of that amount 
deduced by the comparison of a great number of observed 
places of the moon with tables in which every luequality 
but Urn should be included, would enable ua conversely to 
ascertain the ratio of tbe distances in question Owiog 
to the smallness of tbe inequality, this is not a very accu 
rate mode of obtaining an element of so much importance 
ID astronomy as tbe bud’s distance, but were it larger (i e 
were tbe moon’s orbit considerably larger tban it actually 
is) this would be, perhaps the most exact method of any 
by winch it could be concluded 

(748 ) Tbe greatest of all tbe lunar inequalities, pro 
duced by pertucbatiou, is that called the evection It arises 
directly from the variation of the excentncity of her orbit. 
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and from the fiuetuatJon to and fro m the general progress 
of \he line of apsides, caused by the different situation of 
the sun, with respect to that line (arts 685, 691). Owing 
to these causes the moon is alternately m advance, and in 
arrear of her elliptic place by about 1° 20 SO'. This eqna 
tion was known to the ancients, having been discovered by 
Ptolemy, by the comparison of a long senes of observations 
banded down to him from the earliest ages of astronomy. 
The mode in which the effects of these several sources of 
inequality become grouped together under one principal 
argument common to them all, belongs, for its explanation, 
rather to works specially treating of the lunar theory than 
to a treatise of this kind 

(749 ) Some small perturbations are produced in the lunar 
orbit by the protuberant matter of the earth’s eqnator The 
attraction of a sphere is the same as if all its matter were 
condensed into a point in its centre, but that is not the cose 
with a spheroid The attraction of such a mass la neither 
exactly directed to its centre, nor does it exactly follow the 
law of the inverse squares of the distances Hence will 
an«5e a senes of perturbations, extremely small m amount, 
but still perceptible in the lunar motions, by which the 
node and the apogee will be affected A more remarkable 
consequence of this cause, however, is & small nutation of 
the lunar orbit, exactly analogous to that which the moon 
cau'^es in the plane of the earth s equator, by its action on 
the same elliptic protuberance And, in general, it may be 
observed, that >n the systems of planets which bate said* 
lues, the elliptic figure of the primary bos a tendeni.^ to 
li'O fsais^iXes to fxyno.'/Je wjth jls equator 
*— .a tendency which, though small in the ca«o of the earth, 
yet in that of Jupiter, whose eljipticity js very considerable, 
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and of Saturn eapeciallj, where the ellipticUj of the body 
IS reinforced by the attraction of the rings, becomes pre 
dominant over every external and internal cause of distarh* 
ance, and produces and mamtaina an almost exact coinci- 
dence of the planes in question Such, at least, is the case 
with the nearer satellites The more distant are compara 
tiTcly less adected by this cause, the di^erence of attrao 
tiooa between a sphere and spheroid diminishing with great 
rapidity as the distance increases Thus, while the orbits 
of all the interior satellites of Saturn he almost exactly in 
the plane of the nag and equator of the planet, that of the 
external satellite, whose distance from Saturn is between 
sixty and seventy diameters of the planet, is inclined to that 
plane considerably On the other band, this considerable 
distance, while it permits the satellite to retain its actual 
iDclmation, prevents (by panty of reasoning) the ring and 
equator of the planet from being perceptibly disturbed by 
Its attraction, or being subjected to any appreciable move- 
ment analogous to our nutation and precession If such 
exist, they must be much slower tbnn those of the earth, 
the mass of this satellite being, ns far as can be judged by 
Its apparent size, a much smaller fraction of that of Saturn 
than the moon is of the earth, while the solar precession, 
by reason of the immense distonce of the sun, must be quite 
imperceptible 

(760 ) The subject of the tides, though rather belonging 
to terrestrial physics than properly to astronomy, is yet so 
directly connected with the theory of the lunar pertnrba 
tions, that we cannot omit some explanatory notice of it, 
especially since many persons find a strange difSculty in 
conceiving the manner m which they are produced That 
the snn, or moon, shonM by its attraction heap np the waters 
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of tho ocean under it, aoemfl to them very natural That it 
should at the samo timohesp them up on the opposite side 
seema, on the contrary, palpably absurd The error of this 
cla '18 of objectors is of tho same kind with that noticed in 
art 72S, and consists in disregarding the attraction of the 
disturbing body on the mass of tho earth, and looking on 
it as wholly eHectivQ on the superficial water Were the 
earth indeed absolutely fixed, held m its place by an ex 
ternal force, and tho water left free to more, no doubt the 
effect of the disturbing power would be to produce a eiagio 
accumulation rartically under the disturbing body Butjt 
IS not by its whole attraction, but by the difference of its 
attractions on the superficial water at both sides, and on the 
central mass, that the waters are raised just as m the theory 
of the moon, the difference of the sun’s attractions on the 
noon and on the earth (regarded as movable and as obey 
mg that amount of attraction which is due to its situation) 
gives rise to a rehiive tendency in the moon to recede from 
the earth m conjunction and opposition, end to approach it 
la quadratures Refemng to the figure of art 676, instead 
of supposing A D B E to represent the moon’s orbit, let it 
be supposed to represent a section of the (comparatively) 
thin film of water reposing on the glohe of the earth, in 
a great circle the plane of which passes through the dia 
turbtng body M which we shall suppose to be the moon 
The disturbing force on a particle at P will then (exactly 
as in the lunar theory) be represented in amount and direc 
tion by N S, on the same scale on which S M represents the 
moon B whole attraction on a particle situated at S This 
force, applied at P will urge it in the direction P X pat&lld 
to N S and therefore, when compounded with the direct 
force of gravity which (n^lecting as of no account in this 
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theory the ephetoidal form of the earth) urges P toward S, 
will be equivalent to a single force deviating from the 
direction P S toward X. Suppose P T to be the direction 
of this force, which, it la easy to see, will be directed toward 
a point in D S produced, at an e2:tremely small distance 
below S, because of the excesaive mmoteness of the dts 
turbmg force compared to gravity.* Then if this be done 
at every point of the quadrant A P, it will be evident that 
the direction P T of the resultant p 

force will be always that of a 

tangent to the small cuspidated / /y \ 

curve o d at T, to which tangent f * //» V 

the surface ol the ocean at P must \ I 

everywhere be perpeodieular, by ^ 

reason of that law of hydrostatics — f — 

which requires the direction of gravity to be every wnere per* 
peodicnlar to the surface of a fluid in eguihbno The form 
of the curve D P A, to which the surface of thh ocean will 
tend to conform itself, ro as to place itself everywhere in 
eqmlibrio under two acting forces, will be that which always 
has P T for its radius of curvature It will therefore be 
slightly leas curved at P, and more so at A, being in fact 
no other than an ellipse, having S for its centre, d a for its 
evolute, and S A, S D for its longer and shorter aemiaxes 
respectively, so that the whole surface (supposing it covered 
with water) will tend to aosnine, as its form of equilibrium, 
that of an oblongated ellipsoid, having its longer axis 


* Acoordisg to Kevton’s eslcalatlon Ui« maximum disturbing lorce of the 
eon cm the water does not exceed one 36t36400U> part ol Its gTSiriC7 That of 
the moon will therefore be to tliw fraction as the cube of the sun's distance 
to that el ihe moon’s ditecUr, and as Uis mass ol the sun to Vhst ot the moon 
fuTerselr, ft. as (400)* xO 011364 3S4936 which reduced to numbers jnees 
for the moon’s mailinutn of power to duuirb the waters about one l256Q00Qth 
of gTsTltr, or somewhat less than 3} tiines the sun’s 
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dircotod toward the disturbing body, and its shorter of 
course at right angles to that direction The ditTereoca 
of the longer and shorter somiaxea of this ellipsoid dne 
to the moon's attraction would be about 68 inches that of 
the ellipsoid, similarly formed in virtue of the sun, about 
2i times leas, or about 23 inches 

(751 ) Let us suppose the moon only to act, and to have 
no orbitual motion, then if the earth also had no diurnal 
motion, the ellipsoid of cqnilibnum would be quietly 
formed, and all would be thenceforward tranquil There 
IS never time, however, for this spheroid to be fully formed 
Before the waters can take their level, the moon has ad 
vancod in her orbit, both diurnal and monthly (for m this 
theory it will answer the purpose of clearness better, if we 
suppose the earth's diurnal motion transferred to the sun 
and moon in the contrary direction) the vertex of the 
spheroid has shifted on the earth’s surface, and the ocean 
has to seek a new beanng The effect is to produce an im 
meneely broad and excessively Hat wave (not a circulating 
currenl), which follows, or endeavors to follow, the apparent 
motions of the moon, and must, lo fact, by the principle of 
forced vibrations, imitate, by equal though not by synchro 
nous periods, all the periodical ineqaalitiea of that motion 
When the higher or lower parts of this wave stnke our 
coasts, they experience what we call high and low water 
(762 ) The sun also produces precisely such a wave, 
whose vertex tends to follow the apparent motion of the 
sun in the heavens, and also to imitate its periodic mequal 
jties This solar wave co exists with the lunar — is some 
times superposed on it, sometimes transverse to it, so as 
to partly neutralize it, according to the monthly synodical 
configuration of the two luminaries This alternate mutual 
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rcinforcemeot aDd destruction of the eolar and Inner tides 
cause what am called the epnng and neap tides — the former 
being their anm, the lallcr their difference Although the 
real amonnt of either tide is, at present, hardly within 
the reach of exact calcnlation, yet tbcir proportion at any 
one place is probably not very remote from that of the 
ellipticities which would belong to Iboir respective sphe 
roids, could an equilibnnm bo attained Now these ollip 
ticities, for the solar and lunar spheroids, are respectively 
about two and dve feet, so that the averogo spring tide 
will bo to the neap na 7 to 6, or thereabout 

(763 ) Another effect of Iho combination of the solar and 
lunar tides is what is called theprmtn /7 and lajjtn^ot the 
tides If the moon alone existed, and moved m the plane 
of the equator, the tide day (» e the interval between two 
successive arrivals at the same place of the same vertex of 
the tide wave) would be tho lunar day (art 148) formed 
by the oombinatton of the moon b eidereal period and that 
of the earth's diurnal motion Similarly, did tho sun alone 
exist, and move always on the equator, the tide day would 
be the mean solar day The actual tide day, then, or the 
interval of the occurrence of two succesaivo moiima of their 
superposed waves, will vary as the separnte waves approach 
to or recede from coincidence, because when the vertices 
of two waves do not coincide, their joint height has its 
maximum at a point intermediate between them This 
vnnation from uniformity in tho lengths of snecessive tide- 
days IS particnlarly to be remarked about the time of the 
new and full moon 

(.TEA ) Quit?! vn its wig-i-n is tbtA ■d^’fiaWn td 

the time of high and low water at any port or harbor from 
the cnlmination of the lominanes, or of the theoretical 
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Taaximum of their superposed spheroids, which is called 
the “establishment” of that port If the water were with 
out inertia, and free from obstruction, either owing to the 
friction of the bed of the sea, the narrowness of channels 
along which the wave has to travel before reaching the 
port, their length, etc , the times above distinguished would 
be identical Sat all these causes tend to create a differ 
ence, and to make that difference not alike at all ports 
The observation of the establishments of harbors is a point 
of great maritime importance, nor is it of less consequence, 
theoretically speaking, to a knowledge of the true distribu 
tioa of the tide-waves over the globe In making saob 
observations, care must be taken not to confound the time 
o! "slack water,’ when the ourrent caused by the tide ceases 
to flow visibly on© way or the other, and that of hgh or fow 
water, when the level of the surface ceases to nse or ictU 
These are totally distinct phenomena, and depend on cn 
tirely different causes though in land locked places tbey 
zna} sometimes coincide m point of time They are, it is 
feared, too often mistaken ono for the other by practical 
men, a circumstance which, whenever it occurs, must 
produce the greatest confusion in any attempt to reduce 
the system of the tides to distinct and intelligible laws 
(755) The declination of the sun and moon materially 
ollecta the tides at any particular spot As the vcrtc'c of 
the tide wave tends to place itself vertically under the 
luminary which produces it, when this vertical changes its 
point of incidence on the surface, the tide waie must lend 
to shift accordingly, and thus, by monthly and annual 
periods, must tend to increase and diminish alternately the 
principal tides The period of the moon’s nodes is thus 
introduced into this subyect, her excursions in declination 
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in ono part of that period being 29'’, and m another onlj 
17®, on either side the eqaator 

(766 ) Geometry demonatrates that the efEcacy of a lami 
nary in raising tides la inversely proportional to the cube 
of Its distance The son and moon, however, by reason of 
the ellipticity of their orbits, are alternately nearer to and 
farther from the earth than their mean distances In consc 
qucnce of this, the efficacy of the snn will ductaate between 
the extremes 19 and 21, taking 20 for its mean valae, and 
that of the moon between 43 and 69 Taking into account 
this cause of difference, the highest spring tide will be to 
the lowest neap as 694-21 to 43—19 or as 80 to 24, or 10 
to 8 Of all the causes of differences in the height of tides, 
however, local sitnation is the most induential In some 
places the tide wave rushing up a narrow channel, is sud 
denly raised to an extraordinary height At Annapolis 
for iDstaoce m the Day of Fundy, it is said to rise 120 
feet Even at Bristol the difference of high and low wafer 
occasionally amounts to 50 feet 

(767 ) It is by means of the perturbations of the planets, 
as ascertained by observation and compared with theory, 
that we amve at a knowledge of the masses of those planets 
which having no satellites, offer no other hold upon them 
for this purpose Every planet produces an ataount of per 
tnrbalion in the motions oI every other, proportioned to its 
mass and to the degree of advantage or purchase which its 
situation m the system gives it over their movements The 
latter is a subject of exact calculation, the former is un 
known, otherwise than by observation of its effects In the 
determination, however, of the masses of the planets by this 
means theory lends the greatest assistance to observation 
by pointing oat the combinations most favorable for elicit 
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iDg this knowledge from the confused mass of superposed 
inequalities which aSeot every observed place of a planet; 
by pointing out the laws of each inequality in its periodical 
rise and decay, and by showing how every particular in* 
equality depends for its magnitude on the mass producing 
it It 15 thus that the mass of Jupiter itself (employed by 
Laplace m his inveatigations, and interwoven with all the 
planetary tables) baa been ascorteined, by observations of 
the derangements produced by it in the motions of the ultra 
zodiacal planets, to have been insufficiently determined, or 
rather considerably mistaken, by relying too much on obser 
vations of its satellites, made long ago by Pound and others, 
with inadequate instrumental means The same conclusion 
has been arrived at, and nearly the same mass obtained, by 
means of the perturbations produced by Jupiter on Encke’s 
comet The error was one of great importance, the mesa 
of Jupiter being by far the most influential element in the 
planetaiy system, after that of the sun It is satisfactory, 
then, to have ascertained, as Mr Airy has done, the cause 
of the error, to have traced it up to its source, in insufficient 
micrometnc measurements of the greatest elongations of the 
satellites, and to have found it disappear when measures, 
taken with more care and with infinitely superior instro* 
meats, are substituted for those before employed 

(768 ) In the same way that the perturbations of the plan* 
ets lead us to a knowledge of their masses, as compared 
with that of the sun, so the penurbatioiis of the satellites of 
Jnpitcr have led, and those of Saturn s attendants will no 
doubt hereafter lead, to a knowledge of the proportion Ihetf 
masses bear to their respective primaries The system of 
Jupiter’s eitclhtes has been elaborately treated by Laplace; 
and it IS from bia theory , compared with innumerable obser* 
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Tations of tbeir eclipses, that the masses assigned to them, 
ID art 640, have been fixed Few results of theory are 
more surprising than to see these minute atoms weighed m 
the same balance, which we have applied to the ponderous 
mass of the sun, which exceeds the least of them m the 
enormous proportion of 65000000 to 1 

(7o9 ) The mass of the moon is concluded, 1st, from the 
proportion of the lunar to the solar tide, as observed at 
vartons stations, the effects being separated from each other 
by a long eencs of observations of the relative heights of 
spring and neap tides which, we have seen (art 762), depend 
on the proportional inQuence of the two luminaries 2dly, 
from the phenomenon of nutation, which, being the result 
of the moon’s attraction alone, affords a means of calculat 
mg her mass, independent of any knowledge of the sun’s 
Both methods agree in assigning to our satellite a mass 
about one seventy fifth that of the earth * 

(700 ) Sot only, however, has a knowledge of the pertur 
hatioDS produced on other bodies of our system enabled us 
to estimate the mass of a disturbiog body already known to 
exist, and to produce disturbauce It has done much more, 
and enabled geometers to satisfy themselves of the exist 
cnee, and even to indicate the situatiou of a planet pren 
oasly uoknown, with such precision as to lead to its im 
mediate discovery on the very first occasion of pointing a 
telescope to the place indicated We have already (art 606) 
had occasion to mention in general terms this great discov 
ery, but its importance, and its connection with the subject 
before us, call for a more specific notice of the circumstances 


' IisplaM Pxpot du 87 ( 1 . dn ITonde pp 335 300 I>at«r resesrehM 
bAie %Uo'wn lb<kt this 1* MteewhM too Isige kbout ooo 88Ui being tbe T&liie 
»t present received. 
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atteadicg it. Wlion tho rt^gtil&r observation of Uranns, 
conscqnont on Ita discovery in 17S1, bad nllordod some cer- 
tain knotvlcdgo of tho elements of its orbit, it became possi- 
ble to caloulato backward into time past, with n view to 
nseertnin whether certain stars of about tho same apparent 
magnitude, observed by Flamsteed, and since reported as 
wwiny, might not possibly bo this planet. No less than 
SIX ancient observations of it as n supposed star were thus 
found to have been recorded by that astronomer — one in 
1C90, one in 1712, and four in 1715. On further inquiry, it 
was also ascertained to have been observed by Bradley in 
1763, by Mayer in 1766, and no less than twelve times by 
Lc Monnier, m 1760. 1704, 1768, 1769, and 1771, all the 
time without the least snspicion of its planetary nature. 
TUo observations, however, so made, being all circamstau* 
tially registered, and made with instruments the best that 
their respective dates admitted, were quite available for cor- 
recting the elements of the orbit, wbicli, ns will be cosily 
understood, is done with so much the greater precision the 
larger the arc of the ellipse embraced by tho extreme obser- 
vationa employed. It was, therefore, reasonably hoped and 
expected, that, by making use of the data thus afforded, 
and duly allowing for tho perturbations produced since 
1600, by Saturn, Jupiter, and the inferior planets, elliptic 
elements would be obtained, which, taken in conjunction 
with thOTO perturbations, would represent not only all the 
observations up to the time of executing the calculations, 
bnt also all future ohservntions, iu as satisfactory a manner 
as those of any of the other planets are actually represented. 
This expectation, however, proved delusive. M. Bouvard, 
one of the most expert and laborious calculators of whom 
astronomy has had to boast, and to whose zeal and indefati- 
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gable industry wo owe the tables of Jupiter and Saturn in 
actnal use, haring undertaken the task of constructing simi 
lac tables for Uranus, found it impossible to reconcile the 
ancient observations above mentioned with those made from 
1781 to 1820, 80 as to represent both senes by means of 
the same ellipse and the aamo system of perturbations 
He therefore rejected altogether the ancient senes, and 
grounded his computationa solely on the modem, although 
evidently not without senous misgivings as to the grounds 
of such a proceeding, and “leaving it to future time to de* 
termine whether the difTicnUy of reconciling the two series 
arose from inaecuracy m the older observations, or whether 
it depend on some estraneons and unpcrccivcd influcocc 
wbieh may have acted on the planet ’’ 

(761 ) But neither did the tables eo calculated continue 
to represent, with doe precision, observations subsequently 
made The “error of the tables" after attaining a certain 
amount, by which the true longitude of Uranus was in ad* 
Vance of the computed, and abicb advance was steadily 
maintained from about the year 1795 to 1822, began, about 
the latter epoch, rapidly to dimiuish, till, in 18S0-S1, the 
tabular and observed longitudes agreed But, far from ro 
maioiQg m accordance, the placet, still losing ground, fell, 
and continued to fall behind its calculated place, and that 
with such rapidity as to make it evident that the existing 
tables could no longer bo received as representing, with any 
tolerable precision, the true laws of its motion 

(762 ) The reader will easily understand the nature and 
progression of these discordances by casting his eye on 
Jig 1, Plate A, in which the horizontal lino or absetssa is 
divided into equal parts, each representing 60® of heliocen* 
tnc longitude in the mouon of Uranus round the sun, and 
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in which the difitancca between the horizontal Hnefl repre- 
sent cacli 100' of error to longitude. The result of each 
year’s observation of Uranus (or of the mean of all the ob- 
servations obtained daring that year) in longitude, Is repre- 
sented by a black dot placed above or below the point of 
the ohactssa, corresponding to the mean of the observed 
longitudes for the j’car: above» if the observed longitude 
bo in excess of the calculated, below it it fall short of it, 
and on the line if they agi¥«; and at a distance from the 
line corresponding to their diiference on the scale above 
mentioned ’ Thus in Flamsteed’s earliest observations in 
1690, the dot so marked is placed above the line at 65''9 
above the line, tlie observed longitude being so much 
greater than the caloulated. 

(763.) If, n^lecting the individual points, we draw a 
curve (indicated m the figure by a fine unbroken line) 
through their general course, we shall at once perceive a 
certain regularity in its undulations. It presents two great 
elevations above, and one nearly as great intermediate de- 
pression below the raednl line or abscissa And it la evi- 
dent that these undulations would be very much reduced, 
and the errors in consequence greatly palliated, if each dot 
were removed tn the vertical direction through a distance 
and in tb© direction indicated by the corresponding poiat of 
the curve A, B, C, D, E, F, G, H, intersecting the abscissa 
at points 180° distant, and making equal excursions on 
either side Thus the point a for 1760 being removed 


’ Tha points are laid down Iwm U Lerenier’s coiopansoa of the whole 
aerlet of obeerFsIions of Uranus, mlli an epliemeris of iua own caJcalsBoa, 
founded on a complete and eearchlns reTision of tha tables of Souvard, and a 
ngoroua computation of the perlarbauooB caused b7.aU the known planeB 
capable o{ exercielng anj InSaence on it * The difierencea of lonptada are 
peocenfric, but for our present purpose It maltera not In the least whether we 
consider the errors In hehocentrie or in geocentric longitude. 
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nptrard or in tbo direction toward h tlirough a dintAuco 
equal to c 6 would be biougUt almost to prccv&o coincidence 
with the point d in the abscissa. Now, this is a clear indi- 
cation that a verv largo part of tho differences in qacstion 
is dne, not to perturbation, but simply to error in the ele- 
TOcnta of Uranuii which have been asiamcd as the basis of 
calculation. For such excesses and defects of longitude al- 
ternating over ores of 180® are precisely what would arise 
from error in the cxcentncity, or m the place of the pen- 
bclion, or in both. In ellipses slightly cxcentnc, the true 
longitude alternately exceeds and falls short of the mean 
during 180® for each deviation, and the greater the excen- 
tnclty, the greater these aUcrnale fluctuations to and Iro. 
I! then the cxcentncity of a planet's orbit be assumed er- 
roneously (suppose too great) the observed longitudes will 
exhibit a less amount of such fluctuation above and below 
the mean than the computed, and the difference of the two, 
instead of being, as it ought to be, always nff, will be alter- 
nately -f and — over arcs of IBO”. If then a difference be ob- 
serued following such a law, il may arrive from erroneously 
assumed -excentricity, provided always the longitudes at 
which they agree (supposed to differ by 180’) be coincident 
with those of the penbelion and aphelion; for in elliptic 
motion nearly circular, these are the points where the mean 
and true longitudes agree, so that any fluctuation of the 
nature observed, if this condition be not satisfied, cannot 
arise from error of ©xcentncily. Now the longitude of the 
perihelion of Uranus in the elements employed by Boavard 
is (neglecting fractions of a degree) 168®, and of the aphelion 
848®^ Tifise prunts jhiirv -*0 JaU at «» and a jte- 

spectively, that is to say, nearly half way between A 0, 
C E, EG, etc. It is evident therefore that it is not to 
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error ot excontncity that the fluctuation in question is 
mainly duo 

(764 ) Lot us now oonsider the ofTcct of an erroneous 
nssumption of the place of the ponholion Suppose in 
Jig 2, Plato Aj 0 K to represent the longitude of a planet, 
and X y the excess of ita true above its mean longitude, 
duo to eUiptiQity Then if R be the place of the perihelion, 
and P, or T, the aphelion m longitude, y will always he m 
n certain undulating curvo P Q R S T, above ’ P T between 
R and T, and below it between P and R Now suppose the 
place of the perihelion ehiflod forward to r, or the whole 
curve sbifted bodily forward into the situation _p g r a i, then 
at the same longitude o x, the excess of the true above the 
mean longitude will bo * y only, in other words, this 
excess will have diminished by the quantify y y' below 
Its former amount Take therefore m o N (Jig 8, Plate A) 

0 ysio X and y y' alwayssty y in fig 2, and ha% ing thus con 
structed the curve K L JM N 0, the ordinate y y will always 
represent the effect of the supplied change of perihelion 
It 13 evident (the excentricity being always supposed small) 
that this curve will consist also of alternate superior and 
inferior waves of 180® each in amplitude, and the points L, 

N of its intersection with the axis will occur at longitudes 
corresponding to X, Y intermediate between the maxima 
Q, 2 and S, a of the original curves, that is to say (if these 
intervals Q y, S s, or B r to which both are equal, be very 
small) very nearly at 90® from the perihelion and aphelion 
Now this agrees with the conditions of the case in hand, 
and we are therefore authorized to conclude that the major 
portion of the errors in qaestion Acs arisen from error m 
the place of the perihelion oP Uranus itself, and not from 


* Tba currea, 7, 3, are ISTerted la the eogrann? 
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perturbation, and that to correct this portion, the perihelion 
most be shifted somewhat forward As to the amonnt of 
this shifting, oor only object being explanation, it wiU not 
be necessary here to inquire into it It will suffice that it 
must be such as shall make the curve ABCDEFG as 
nearly os possible similar, equal, and opposite to the curve 
traced oat by the dots on the other side And this being 
done, we may next proceed to lay down a curve of the 
residual differences between observation and theory in the 
mode indicated in art 768 

(765 ) This being done, by laying off at each point of 
the hoe of longitudes an ordinate equal to the difference 
of the ordinates of the two carves in /y 1 wheh on op 
posite and their sum when on the same side of the abscissa, 
the result will be as indicated by the dots in Jig 4 And 
here it is at once eeeu that a still further reduction of the 
diffetenocs under consideialion would resalt if instead 
of taking the line A B for the line of longitudes a line 
a h slightly inclined to it were substituted in which case 
the whole of the differences between observation and theory 
from 1712 to 1800 would be annihilated or at least so far 
reduced as hardly to exceed the ordinary errors of obserra 
tion and as respects -the observation of 1690 the still out 
standing difference of about 35' would not be more than 
might be attributed to a not very careful observation at so 
early an epoch Now the assumption of such a new line of 
longitudes as the correct one la in effect equivalent to the 
admission of a slight nmount of error in the periodic time 
and epoch of Uranas, for it is evident that by reckoning 
from the inclined instead of the horizontal line, we in effect 
alter all the apparent outstanding errors by an amount pro- 
portional to the time before or after the date at which the 
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two lines intersect (viz about 1789) As to the direction 
in which thw correction should be made, it is obvious by 
inspection of the course of the dots, that if we reckon from 
A B, or any line parallel to it, the observed planet on the 
long run keeps falling more and more behind the calculated 
one, t e its assigned mean angular velocity by the tables 
IS too great and must be diminished, or its periodic time 
requires to be increased 

(766 ) Let this increase of period be made, and in corre 
spondence with that change let the longitudes be recironed 
on a b, and the residnal differences from that line instead 
of A B, and we shall have then done all that can be done 
zn the way of reducing and palliating these dtSereocea, and 
that, with snch success, that op to the year 1604 it might 
have been safely asserted that positively no ground what 
ever existed for suspecting any disturbing influence But 
with this epoch an action appears to have commenced, and 
gone on increasing, producing an acceleration of the motion 
in longitude, in consequence of which Uranus cootioualiy 
gams on its elliptic place, and continued to do so till 1822, 
when It ceased to gam, and the excess of longitude was at 
its maximum, after which it began rapidly to lose ground, 
and has continued to do so up to the present time It is 
perfectly clear, then, that in this interval some extraneous 
cause must have come into action which was not so before, 
or not in suiTicient power to mamfest itself by any marked 
effect, and that that cause must have ceased to act, or rather 
begun to reverse its action, id or about the ^ ear 1822, the 
reverse action being even more energetic than the direct 

(767 ) Such is the phenomenon in the simplest form wo 
ate news able to pteacist it Ot the varioos. hypothe^ea 
formed to account for it, during the progress of its develop 
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merit, none seemed to bare aoj degree of rational proba* 
bilitj bat that of the existence of an exterior, and hitherto 
undiscovered, planet, distorbing, according to the received 
laws of planetary diatnrbance, the motion of Uranus by its 
attraction, or rather superposing its disturbance on those 
produced by Jupiter and Saturn, the only two o! the old 
planets which exercise any sensible disturbing action on 
that planet Accordingly, this was the explanation which 
naturally, and almost of necessity, snggested itself to those 
conversant with the planetary perturbations who considered 
the subject with any degree of attention The idea, how- 
ever, of setting out from the observed anomalous deviatious, 
and employing them as data to ascertain tbe distance and 
Situation of the unknown body, or, in other words, to re 
solve the inverse problem of perturbations, ‘ given the dis 
itirbaneee to find the orbit, and pUtee to that orbit of tbe 
disturbing planet," appears to have occurred only to two 
matbematicians, Mr Adams in England and M Levemer 
in France, with safScient distinctness and hopefulness of 
success to induce them to attempt its solution Both sue 
ceeded, and their solutions, arrived at with perfect inde 
pendence, and by each in entire ignorance of the other’s 
attempt, were found to agree in a surprising tnanaer when 
the nature and difficulty of the problem is considered, the 
calculations of M Levetner assigning for the behocentno 
longitude of the distarbing planet for the 23d September, 
1848, SSd” O', and those of Mr Adams (brought to the same 
date) 329* 19', diSering only 3* 19 , the plane of its orbit 
deviating very slightly, if at all, from that of the ecliptic 
(768) On the day above mentioned— a day forever 
TOAm/svifela \u, tfc.^ vw/iXi ot vftts'yarara.y— Tic cat ot 

the astronomers of tbe Royal Observatory at Berlin, re 
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ceived a letter from M Levemer, announcing to him the 
result he had arrived at, and req^uesUng him to look for 
the disturbing planet in or near the place assigned by his 
calculation He did so, and on that very night actually 
found xt A star of the eighth magnitude was seen by him 
and by M £!ncke in a situation where no star was marked 
as existing in Dr Bremiker's chart, then recently published 
by the Berlin Academy The next night it was found to 
have moved from its place, and was therefore assuredly 
a planet Subsequent observations and calculations have 
fully demonstrated this planet, to which the name of Nep 
tune has been assigned, to be really that body to whose 
disturbing attraction, according to the Hewtonian law of 
gravity, the observed anomalies in the motion of Hranas 
were owing The geocentric longitude determined by De 
G-alle from this observation was S25^ 6S , which, converted 
into heliocentric, gives S2d* 52, differing 0* 52 from K 
Leverner’s place, 2” 27 from that of Mr Adams, and only 
47 from a mean of the two calculations 

(769 ) It would be quite beyond the scope of this work, 
and far in advance of the amount of mathematical knowl 
edge we have assumed our readers to possess, to attempt 
giving more than a superficial idea of the course followed 
by these geometers in their arduous investigations Suffice 
it to say, that it consisted in regarding, as unknown quan 
titles, to be determined, the mass, and all the elements of 
the unknown planet (supposed to revolve m the same 
plane and the same direction with Uranus), except its 
major semvaxis This was assumed in the first instance 
(tn conformity with “Bode e law, ’ art 605, and certainly 
at the time with a high prtmd facte probabihty) to be 
double that of Uranns, or S8 36i radii of tbe earth’s orbit 
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"Witbout tome assumption as to the value of this element, 
owing to the peculiar form of tbe analytical expression of 
the perturhalions, the analytical investigation would have 
presented difficulties apparently insuperahle But besides 
these, It was also necessary to regard as unknown, or at 
least as liable to corrections of txnkoowo magnitude of the 
sameorder os the perturbations, all the elements of TTranos 
itself, a circumstance whose necessity will easily be nnder 
stood, when we consider that the received elements could 
only be regarded as provisional, and must eertatnly be 
erroneous, the places from which they were obtained being 
affected by at least some portions of the very pertnrba 
tiODS ID question This consideration, though indispenss 
bis, added vastly both to the complication and the labor 
of the inquirp The axis (and therefore the mesn mo 
tion) of the one orbit, then, being known very nearly, and 
that of the other thus hypothetically assnmed, it became 
practicable to express m terms, partly algebraic, partly nu 
tnencal, the amount of perturbation at any instant, by 
the aid of general expressions delivered by Laplace in bis 
ilhantque Celeste' and elsewhere These, then, together 
with the corrections due to the altered elements of Uranus 
Itself, being applied to the tabular longitudes, furnished, 
when compared with those observed, a senes of equations, 
in which the elements and mass of Neptune, and the correc 
tions of those of Uranus entered as the unknown quantities, 
and by whose resolution (no slight effort of analytical skill) 
nil their values were at length obtained The calmilations 
were then repeated, reducing at the same time the value of 
the assumed distance of the new planet, the discordances 
between the given and calculated results indicating it to 
have been assumed too large, when the results were found 
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to agree better, and the solutioos to be, in fact, more e&tis 
factory. Tbas, at length, olcmcata vrero arrived at for tbe 
orbit of tbo unknown planet, as below 



I^Tcrrier 

Adams. 

Fpoch of FIcmenU . 

ilntn lonirit id« ta Spoch 

Bcmlsiis Uajor 

Frccninek/ 

Longliudeof rerthellon 

Uasa (the Sun befnK 1) 

Jan 1 184T 
315*47 4 

Se 1639 

0 1075)0 
284*46 8 
0-00010727 

■ 


Tlie clomontB of M Lexemer were obtained from a con 
sideration of the observations up to tbe year 1846, those of 
Mr Adfima, only as far as 1840 On subsequently taking 
into account, bow ever, those of tbo five years up to 1845, 
the latter was led to oooclude that the semi&sis ought to 
be ettli mneh farther dtmiotehed, and that a mean distance 
of 38 S3 (being to that of Uraons os 1 0 574) wonld prob 
ably satisfy all the observations very nearly * 

(770 ) On the actual discovery of tbo planet, jt was, of 
course, assiduously observed, and it was soon ascertained 
that a mean distance, even less than Mr Adams's last pre 
aumed value, agreed better with its motion, and no sooner 
were elements obtained from direct observation, sufficiently 
approximate to trace back its path in the heavens for a con 
aiderable internal of time, than it was ascertained to have 
been observed as a star by Lalande on tbe 6th and lOtb 
of May 1795, the latter of tbe two observations, however, 
having been rejected by him as faulty by reason of its non 
agreement with the former (a consequence of the motion 
of the planet in the interval) From these observations 

* Id a letter to the AsiroDomer Boral dated Sept 2 1 S4C — t e. tl reo weete 
pre» 0 s to the opbe I Oiseovery ol tlie planet 
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combined with lbo«e mdco accumnlalcd. ine elements cal 


cnlatcd by Prof. Walker, U 

Fpocb of n«menla . 

Uean loof^Ituda »l Fpocb . 
BemUsU Uijor . 

Eicentricitj 

LoBTituda of the PerfhoUoa 
AcocndLoj Kodo . 
IaeIln*tIoa . 

Periodic tSffle 

Ueea aaoukl Ifottoa > 


S , resolt as lollowa* 

Jen. 1. IMT. U noon Orecnrich 
Krsz’W'-i 
ao-cset 

0 OOST1948 

4r ly er so 
ISO* 4' 20* 81 
I* 48* 68" -Of 
144 4181 tropEeel jeer 
X* 18898 


(771.) The great diflagreemeni between these elements 
and those assigned either by M Leverner or Mr Adams 
will not fail to bo remarked, and it will caturally be asked 
how it has como to pass, that elements so widely diilerent 
from the truth should afford anything like a satisfactory 
ol Mi «id khaA 

true ailuation of the planet m the heavens should have been 
eo well, and indeed accurately, pointed out by them As 
to the latter point, any one may satisfy himself by half an 
hour's calculation that both sets of elements do really place 
the planet, on the day of its discovery, not only in the 
longitudes assigned in art 763, t e extremely near its 
apparent place, but also at a distance from the Sun very 
much more approximately correct than the mean distances 
or semiaxes of the respective orbits Thus the radius vector 
of Neptune, calculated from il Levertier'a elemeuts for 
the day lu question, instead ot 36 16S9 (the mean distance) 
comes out almost exactly S3, and indeed, if we consider 
that the excenliicity assigned by those elements gives for 
the perihelion distance 32 2631, the longitude assigned to 
the perihelion brings tbc whole arc of the orbit (more than 
BS*), described in the interval from 1806 to 1847 to lio 
within 42" one way or the other of the perihelion, and 
therefore, during the whole of that interval, the bypotheti 
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ca! planet would be moving withm Jiroits of djstaiji.e irom 
the 8UU, 32 6 and 83‘Q The following comparative tables 
of the relative aitoations of Uranus, the real and bjpo- 
Ihetical planet, will exhibit more clearly than any length 
cned statement, the near imitation of the motion of the 
former by the latter within that interval The longitudes 
are hcliooenlnc '* 



(772 ) From this cozapanaon it wiJJ be seen that uraDus 
arrived at its conjunction with Neptune at or immediately 
before the commencement of 1622, with the calculated 
planet of I/everner at the beginning of the following jear 
1825, and with that of Adams about the end of 1824 Both 
the theoretical planets, and especially that of M Levemer, 
therefore, during the whole of the above interval of time, 
BO far as the directions of their attractive forces on Dranos 
are concerned, would act nearly on it as the true planet most 
have done As regards the intensity of the relative dis- 
turbing forces, if we estimate these by the principles of art. 

i» Tbs calcuUt ons are carr eU onlr lo Math* of deffrees as quite euffldeot 
tor lha object ia new 
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612 at the epochs ot coajanctioQ, and Tor the commeece 
meat of 1805 and 1845 we 6nd for the respective denorai 
nators of the fractions of the Ban’s attraction on Uranus 
regarded as unity, which expre ‘53 the (oial disturbing force, 


N S, in each case, ns below 






1605 

ConjuDcUon 

1845 


I^PereeBmaM 

3TS40 

7608 

32390 

Neptune inOi • 





[ Struve 

J0'»44 

6519 

23810 

IiOTemeT & VheoTeUcai Planet, mass 

10831 

5183 

19935 


The masses here assigned to Neptune are those respectively 
deduced by Prof Peirce and M Struve from observations 
of the satellite discovered by Mr Lassell, made with the 
large telescopes ot Fraunhofer in the observatories of 0am 
bridge, U S , and Pulkova respectively These it will be 
perceived differ very considerably, as might reasonably be 
expected m the results of micrometrical measurements of 
such difficulty, and it is not possible at present to say 
to which the preference ought to be given As compared 
with the mass assigned by M Struve an agreement on the 
whole more satisfactory conld not have been looked for 
within the interval immediately in question 

(773 ) Subject then to this uncertainty as to the real 
mass of Neptune, the theoretical planet of Levemer must 
be considered as representing with quite as much fidelity as 
could possibly be expected in a research of such exceeding 
debcacy, the particulars of its motion and perturbative sc 
tioD dunog the forty years elapsed from 1805 to 1845, an 
interval which (as is obvious from the rapid diminution of 
the forces on either side of the conjunction indicated by the 
numbers here set down) comprises all the most infiuential 
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range of iu action. Tbw will, however, be placc<l in full 
ovjiJenco by the confltraclion of carves representing the nor- 
mat and tangential forecn on the principles laid down (ns 
far as the normal ooQslUucnt is concerned) in art. 717, one 
slight change only being made, which, for the purpose m 
view, conduces greatly to clearness o/. conception. The 
force L 8 (in the figure of that article) being supposed ap- 
plied at P «n the direction lb, «o here construct the curve 
of the normal force by erecting at P (/?j. 5, Plato A) P W 
always perpendicnlar to the disturbed orbit, A P, at P, 
measured from P in the same direction tiiat S lies from L, 
and equal in length to L S. P W then will always repre- 
sont both the <iirection and magnitude of the normal force 
achnff at P. And in likomanncf, if wo take alwajs P 2 on 
the tangent to the disturbed orbit at P, equal to 2^ L of the 
former figure, and mcaaored in tbo same direction from F 
that L is from tJ, P Z will represent both in mngnitnde and 
direction the tangential force acting at P. Thus will be 
traced ont tbe two curious ovals represented in our figure of 
their proper forms and proportions for tbe case in question. 
That expressing the normal force is formed of four lobes, 
having a common point in S, nz. SW mXSaSnSi 
S W, and that expressing the tangential, A Z c / B e d 
y A Z, consisting of four mntoalJy intersecting loops, sur- 
rounding and touching tbe distarbed orbit m four points, 

A B c d. The normal force acts outward over oU that part 
of tbe orbit, both in conjunction and opposition, correspond- 
ing to the portions of tbe lobes m, n, exterior to the dis 
turbed orbit, and inward in every ether part Tbe figure 
sets in a cleat light tbe great disproportion between the 
energy of this force near the conjunction, and in any other 
configuration of the planets; its exceedingly rapid degrada* 
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tioQ OS F approaches the poiot of neutraht) (rrho^e situation 
18 85** 5' on cither stdo of the conjunction, an ore described 
sjnodicaUy by Uranus in 16^72), and the comparatively 
short duration ond consequent inefTicacy to produce any 
great amount of perturbation, of the more intense part of 
Its inward action in the small portions of the orbit corro 
spondiDg to the lobes a, b, in which the line representing 
the inward force exceeds the radius of the circle It cx 
hibits, too, with DO less distmctness, the gradual develop 
meat, and rapid degradation and extinction of the tangential 
force from tCi neutral points, c, (f, on either side up to the 
conjunction, where its action is reversed, being accelerative 
over the arc d A, and retardative over A e, each of which 
arcs has an amplitude of 71* 20, and is described by Uranus 
synodically in $4' 00 The insignificance of the tangential 
force m the configurations remote from conjunction through 
ont the arc e B d 18 also obviously expressed by the small 
comparative development of the loops e, / 

(774 ) Let us now consider bow the action of these forces 
results in the production of that peculiar character of per 
turbation which is exhibited in our curve Jig 4, Plate A 
It is at once evident that the increase of the longitude from 
1800 to 1822, the cessation of that increase m 1822, and its 
conversion into a decrease during the subsequent interval is 
in complete accordance with the growth, rapid decay, ex 
tiDction at conjuDctioii, and subsequent reproduction in a 
reversed sense of the tangential force so that we cannot 
hesitate in attributing the greater part of the perturbation 
expressed by the swell and subsidence of the curve between 
the years 1800 and 1845 — all that part, indeed, which is 
symmetrical on either side of 1822 — to the action of the 
tangential force 


Astbosout— V oJ ZX— 10 



070 


ouTUsrs or Asmosoai 


(775) Bui It will Ik iwkrl— ha* then the normal force 
(which, on the jilnin showing of fy 5 i« neirU twice as 
powerful ns the inngcnttil, nmj which does not reicrso its 
flction, hhc the latter force, nt the point of conjunction, hat 
on the contrar\ is them most energetic) no influence m pro 
tlucing the oh^crtctl cfTccts? Wo answer, \cr^ little, witliin 
the period to which olismation had pxtcndeil up to 18-15 
The ofTcct of the tangential force on the longitudo ts direct 
and immediate (art, 6(V1) that of the normal indirect, conse 
queniial, and cumalativo with the progress of time (art 7d4) 
The cfTtct of the tangential force on the main motion takes 
place through the medium of the chongo it produces on the 
axis, and is tranaieat the rctersed action after Conjunction 
(anpjwsmg the orhits circular) exactly destroy mg all the 
previous efXect, and leaving the mean motion on the whole 
unaffected In the passage through the conjunction, then, 
the tangential force produces a auddon and powerful accol 
oration, succeeded by an equally powerful and equally sud 
den retardation, which done, its action is completed, and no 
trace remains in the subsequent motion of the planet that it 
ever existed, for its action on the perihelion and exccntncity 
13 in hko manner also nullified by its reversal of direction 
But with the normal force tho case is for otherwise Its tm 
mediate effect on the angular motion is nif It is not till it 
has acted long enougb to produce a perccjitiblo change m 
the distance of the disturbed planet from the sun that the 
angular velocity begins to be sensibly affected, and it is not 
till its whole outward nctioo has been exerted (t e over the 
whole interval from neutral point to neutral point) that its 
maximum effect in lifting tho disturbed planet away from 
the aun has been produced, and the full amount of diminu 
tion in angular velocity it is capable of causing has been de 
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velopcd. IhtB condnacs to act in prodacicg a retordatioix 
in longitude long alter the normal force itself has reversed 
its action, and from a powcrfol outward force has become a 
feeble toward one A certain portion of this pcrtorbation is 
incident on the epoch in the mode de*ienbcd in art. 781 tt 
teq , and permanently diatarbs the mean motion from what 
It wonld have been, had Neptane no existence The rest of 
Its eSect la compensated in a single sj nodic rei olntion, not 
by the reversal of the action of the force (for that reversed 
action is far too feeble for this purpose), bat by the effect of 
the permanent alteration produced in the oxcentncity, which 
(the axis being unchanged) compensates by increased pros* 
imity in one part of the revolution, for lucrcased distance 
in the other Sufticient time has not yet elapsed since the 
conjunction to bring out into full ondence the inflnence of 
this force Still its commencement is quite unequivocally 
marked in the more rapid descent of our enrve fiq 4, sub* 
sequent to the conjunction than ascent proMous to that 
epoch, which indicates the commencement of a senes of 
undulations lu its future course of an dUphe character, con* 
sequent on the altered excentncity and penhehon (the total 
and ultimate eSect of this constituent of the distnrbing 
force) which will be maintained till within about 20 years 
from the next conjunction, with the exception, perhaps, of 
some triQing inequalities about the time of the opposition, 
similar in character, but far inferior in magnitude to those 
now under discussion 

(778 ) Posterity will hardly credit that, with a full knowl- 
edge of all the circumstancea attending this great discovery 
— of the calculations of Xoverncr and Adams — of the com 
mumcation of its predicted place to Dr Qalle — and of tho 
now pUuet being actually found by him in that place, in tho 
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rcin&rkab!o manner above commemorated; not only have 
(loubta been expressed as to the validity of the calculations 
of those geometers, and the legitimacy of their conclusions, 
but these doubts have been carried so far as to lead the ob- 
jectors to attribute the acknowledged fact of a planet previ- 
ously unknown occupying that precise place in the heavens 
at that precise time, to sheer accidentl *' What share acci- 
dent may have |iad in the succcssfnl issue of the calcula- 
tions, we presume the reader, after what has been said, will 
have little difficulty in satisfying himself. As regards the 
time when the discovery was made, much has also been at- 
tributed to fortunate coincidence. The following considera- 
tions will, we apprehend, completely dissipate this idea, if 
aUll lingering in the mind of any one at all conversant with 
the subject. The period of Uranus being 84 0140 years, and 
that of Neptune 164*6181, their synodic revolution (art, 418), 
or the interval between two successive conjunctions, is 


n These double eeem to hare ongioatod peril/ m the greet disagreeraeat 
between the predicted sad reel etementeof Keptune, pert)/ la the near (poMiil/ 
precise) commeiunrabilit/ of (he meAo mobons of Neptuoe end Uranus We 
coQceire theta botrerer Co be fouodod ia e tots) mscoacepboa ol the axCtire of 
the problem, which WM not. from euch ob^oos!/ uncertain IndicatioDs as the 
observed discordances could give, to delennine aa aatronomical quantiiiea the 
azia, ezcentricit/ and naaa of the djalurbing planet, but practicall/ to discover 
where to loolt for it, when, if once found these elements would be far belter 
ascertained. To do thJa, any axis, sxceabiaty, pfrAefcee ait4 mass, Jioaevtr 
wifU of IA« (ruiA, which would represent, even roughl/, the amount, but \s\lh 
loUi aM« eoTTtetnefs tka directwn of the disturbing force during the ver/ modcr 
ate interval when the departures from theor/ were real!/ Considcrahle, would 
equal)/ serve tboir purposes, and with an ezeentncit/, mass and perihelion 
disposable, it is obnous Chat an/ assuoiptioa of the azis between (be limits 30 
and 38 na/. even with a much wider joferior liDiit, would serve the purpose 
In his attempt to assign an inferior limit to the axis, and in the value so as 
signed, U Leverner, it must be admitted, was not successful hfr Adams, 
oil tho oliier liand, inSueoced \sj no considerations of the kind whlcli uppeur 
to hsve weighed with his brother geometer, bxed ultimatel/ (as we have seen) 
be/ore the actual discovery of (he p&itl on an axis not very egregious)/ wrong 
Still It were to be wished, for the sansfaction of all parlies, tliat some one would 
uudertake the problem de novo emplo/iag formuhe not liable to the passage 
through infinit/. whicli, technicall/ spealtmg hampers or may be supposed to 
hamper, the continuous application of tbe usual perturbatioasl formulas when 
cases of commensurabdity occur. 
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171 5S years The late conjunction having taken place 
ahoat the beginning of 1822, that next preceding must 
have happened in 1649, or more than 40 years before the 
first recorded observation of Uranus in 1690, to say nothing 
of Its discovery as a planet In 1690, then, it must have 
been effectually out of reach of any perturbative influence 
worth constdenng, and so it remained during the whole in 
terval from thence to 1800 From that time the effect of 
perturbation began to become sensible, about 1805 promt 
nent, and in 1820 had nearly reached its maximum At this 
epoch an alarm was sonnded The maximum was not at 
tamed — the event so important to astronomy, was still m 
progreas of development— when the fact (anything rather 
than a striking one) was noticed and made matter of com 
plaint But the tune for discussing its cause with any pros 
pect of success was not yet come Everything turns upon 
the precise determination of the epoch of the maximum, 
when the perturbing and perturbed planet were in conjunc 
tion, and upon the law of increase and diminution of the per 
turbatiOQ itself on either side of that point Now it is 
always difficult to assign the time of the occurrence of a 
maximum by observations liable to errors bearing a ratio 
far from inconsiderable to the whole quantity obserred 
Until the lapse of some years from 1822 it would have been 
impossible to have fixed that epoch with any certainty, and 
as respects the law of degradation and total arc of longitude 
over which the sensible perturbations extend we are hardly 
yet arrived at a period when this can be said to be com 
pletely determinable from observation alone In all this 
we see nothing of accident unless it be accidental that an 
event which most have happened between 1781 and 1853, 
actually happened la 1822, and that we live in an age when 



6S0 


OUTLINES OP A8TIt0N03IY 


aatronomy has reached that perfection, and its cnltivators 
exercise that vigilance trhich neither permit such an event, 
nor its scientific importance, to pass unnoticed. The bios* 
som had been watched with interest in its development, and 
the fruit was gathered in the very moment of maturity,’* 

(776 a.) In the forgoing chapters we have enumerated 
and described the several bodies so far as known of which 
our system consists, and have shown bow their matnal dis- 
tances from and their motions with respect to each other 
may be determined, and their masses compared with that of 
the central body, and ultimately with that of oar own planet 
as a unit of reference j but nothing has been said respecting 
the means by which that unit itself can be brought into 
comparison with the moss, weight or inertia of those por- 
tions of Its substance which wo see and banillo on its sorface. 
This datum— >tbe total weight of the earth itself— the num- 
ber of times that its entire mass exceeds that of a pound of 
lead or other matter— or m other words (its bnlk being ac- 
curately known) its mean density — remains up to this point 
of the present irork undetermined, aod is the one thing 
wanting to complete our knowledge of the data of our sys- 
tem and fully to connect astronomy with ordinary mechan- 
ic'* Wo shall now thcroforo proceed to explain the meth- 
ods by which this has been accomplished. 
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(776 6) Tho principle \rbtch at once Buggcats itself to 
everj mind is to meastiro the direct attraction, if it be pos 
Bible, of some known mass, at Bomc known distance, on 
some other Wo say, if it be possible, because whatever 
notion we may form d pnort of the weight of the earth as 
estimated in pounds ot tons, it is clearly something cnor 
mous, and moreover, since it follong from the law of gran 
tative attraction” that tho attractions of spheres of equal 
density on points at their aarface ate to each other as their 
radii, the attraction of a globe a foot in diameter, of the 
same average density of the earth on a material point at its 
own Butface would only amount to tlie 41 849 280tU part of 
the weight of such nuatenal point and therefore its attrac 
tion on a spherical body, suppose also a foot in diameter 
placed in contact with it, wonld only amount to one 167, 
897,120tb part of the weight of such body Now when wo 
have to deal with fractions of such an order of minuteness, 
all ordinary modes of directly measuring forces and weights 
break down, and the utmost resources of invention and art 
must bo taxed even to render them perceptible, to say noth 
ing of their precise determination 

(776 c ) The first and most obvious mode of producing a 
magnified result is to augment m as high a ratio as possible, 
the attracting mass, and therefore to substitute some great 
natural moss of the most suitable form which cau be found, 
for an artificial sphere And as the resources afforded by 
the integral calculus furnish the means of calculating the 
attraction of a body of any size and figure of known mate 
rials on a point anywhere situated without it the idea natu 
rally enough suggested itself to take some large mountain, 
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of 03 regular a ebapo as might bo found, for the attracting 
body, and to mcaaaro its attraction, on a pnncip/o pointed 
out by Nowton,’* by tbo demtioo from verticality of a 
plumb lino suspended near it, wbiob will ncccssanly bo 
drawn aside toward the monotatn As the doOcction to be 
expected howc\er, oven in tbo case of a very large moun 
tain, IS still exceedingly minute, the working out of this 
idea into practice calls for ver> exact and redned astronom 
ical obscriationa 

(776 d ) Is the first place the question arises t/t Iimine, 
how are wo to ascertain, at any place, what is a vertical 
direction f The deitaled plumb lino, it is obvious, cannot 
give us this information, nor can levels, for tbo surface of 
still water is always at right angles to the single force, wbot 
eter that may be, which results from a combination of all 
the forces acting on it>->io other words, to tbo direction of 
the deiMted plumb lino Here it is that our knowledge 
of tbo figure and dimonstons of the earth stand us in stead 
We cannot, it is true, remove the mountain so os to find 
where the plumb line would point, or the level rest in its 
absence, but we can shift our station to the opposite side, 
and by sidereal observation oscertain whether the direction 
of the plumb line has varied by more or less than the 
amount of change due to such a change of station on the 
globe Thus then we proceed — 

Suppose M the mouatoio, A B a circle of latitude pass 
mg through two stations P Q at its foot (or rather at such 
heights on its slope as shall correspond to the maxima of its 
lateral attraction) at each of which let observations be made 
with a portable zenith sector alternately established at one 
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and tbe other of the zenith distances of some star passing 
very near the zenith of the monntain (so as to free the obser 
vations from uncertainty of refraction) "Were there no lat 
cral attraction, the plnmb lines at both stations would point 
directly to the centre of curvature 0 of the terrestrial spher 
Old (art 210), and the angle between them, F C Q, would 
be the diderence of latitudes of the stations Now tbe 
dimensions and elhpticity of the earth as a whole being 
known, this latter difference can be independently deter 
mined by a trigonometrical survey instituted for the pur 



pose, a base being measured and the meridional distance 
P Q ascertained by tnangulation (art 274 et eeq ), which, 
converted into seconds of latitude, gives the difference in 
question, to which, were there no heal attraction the ob 
served difference of zenith distances ought to correspond 
But this will not be tbe case Tbe mountain will attract 
the plummet both ways inward, into situations P B Q R, 
including a greater angle than P C Q and this being the ob 
served angle or apparent difference of zenith distances — sub 
tractmg from it the difference of latitude so independently 
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obtained, the excess will represent the sum of the two dovin* 
tioQs north and south dne to the attraction required. The 
mountain has then t<f be surveyed, and modelled, and min* 
eralogical specimens taken from every accessible part of it, 
and their spccidc grainties determined; and thus, no matter 
with what amount of calculation (for it is no light task), the 
total lateral attraction is computed in units of some dcGnlto 
scale; such, for instance, that each unit shall represent the 
total attraction of a sphere of lib. weight, on a point 1 foot 
distant from its centre. The sum of all these units, each 
reduced to a horizontal direction, is the total lateral attrac* 
tion of the mountain, and is therefore to the total vertical 
attraction of the earth as the tangent of the deviation (taken 
so as to diMde the total observed diiTcrcnco in the ratio of 
the computed attractious at cither station) is to rndiu*. 

(770 e ) The proCeM is laborious and costly— roqmrea 
excellent instruments and the co-operation of niorc than one 
practiced observer. It has, however, been put in cxecutton 
on several occasions, viz , Ist, by tbo French Academicians, 
Dougucr and I^a Condamiue, who. in the coiirso nf their 
operations in Peru for the measurement of an arv* of the 
mendnn (art. 216^. inslj|ute*J observations of tJie kind alxjvo 
descnbeil on Cbiinboraro in 176S Their mean* of obsena* 
lion, however, were not such as to slTord any distinct result, 
though a dertatioQ of the plamb-line to the amount of alnitit 
11' appears to have been obtained. 2vl, bv Maskelyne, in 
1774, on the monnuin Schebsllien m Scotland, a mountain, 
not indee<l of any great magnitude, Iwlnp only about 
feel in altilnde, bat well * ifuated, and othemriw well a Iiptol 
for the experuneal. It wa* *oeer*«ful. A joltit tsaonnl of 
the Ist-ral derialio"* on either tide, of IT-rt. wa.» wril a*e*-r* 
tained tu b« jiroducod by the local attracUoa, and the ralea* 
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lations being executed (by Dr. Hutton and subsequently by 
Professor Playfair), a result entitled to some reliance was 
obtained, according to which die mean density of the earth 
comes out 4 713 times that of water at the surface More 
recently, we find a senes of observations instituted by Sir 
H James, Sapenntendent of the Ordnance Survey, on Ar 
tbur’s Seat near Edinburgh,'* by which, from a deflexion of 
2' 21 observed on the north and of 2' 00 on the south side 
of that mountain, a mean density results of 5 316 

(776 /) Observations of the time of oscillation of a pen 
dulum afford (see art 235) a direct measure of the force by 
which the oscillating mass la urged vertically downward 
Hence it follows that if this Ume be very precisely deter 
mined, both at the summit and at the foot of a mountain or 
elevated tableland, the attraction of the mass of such moan 
tain or tableland vertically downward will become known 
Por gravity decreasing inversely as the square of the dis 
tance would be enfeebled by the increase of that distance m 
a proportion which can be precisely calcnlated from the 
known height of the upper station, and therefore, could 
the pendulum be supported in the air at that height, the 
increase of its time of oscillation, under those circumstances, 
would be exactly known by calculation But being sup 
ported on a mountain mass, protruding above the level sur 
face of the terrestrial spheroid, the attraction of that mass 
acts on it in addition to the so diminished force of general 
gravitation, and prevents it from losing on the sea level rate 
BO much as it would do were the mountain devoid of attrac 
tive power , Experiments of this nature have been made by 
the Italian astronomers Plana and Carlint on Mont Cenis m 
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Savoy, and the resalt, all coznpntatioos executed, have given 
4 950 for the mean density in question 

(776 g ) Bat it is also possible to descend below, as well 
as to nse above, the general sea level, and to observe the 
pendulum at great depths below that level, as in deep 
mines It was shown by Hewton" that the attraction of 
a hollow, spherical, homogeneous shell on a point however 
situate withxn it, is simply ntf, t e that the material point 
80 placed is equally attracted by it in all direotions Hence 
by descending below the surface, we set ourselves free of 
the attraction of the whole apkertcal shell exterior to the 
point of observation, and the remaining attraction is the 
same as that of the whole mtenor mass collected m its 
centre This may, or may not, be less than the attraction 
of the whole earth on a point at tfs surface It will be less 
if the earth be homogeneous or of the same density through* 
out, for in that case Newton has shown * that the attractive 
forces of the whole sphere, and of the interior sphere, each 
on a point on its own surface, are to each other os their 
radii But if the internal portions of the earth bo more 
dense than the external (as they must be if the foregoing 
determinations be any approach to tmih), it may he greater 
The experiment haa been made, on three several occasions, 
by the present Astronomer Bojal (3Ir Airy) On the first 
two in the Dolcoath mine in Cornwall at a depth of 1209 
feet — a clock and pendulum were transported alternately 
to the bottom and the moutb of the shaft On both these 
occasions the arrangeiaents were defeated, on iho first, by 
tbo accidental combustioi} of tbo packages of lostrutncoLs 
ID mid air wbilo in the act of raising them from below. 
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attended with their precipitation down the shaft of the 
mine, on the other, by the sabsidence of a mass of rock, 
“many times the size of "Westminster Abbey,” during the 
experiments, deluging the mine with water and forcing a 
premature conclusion The third attempt (in the Harton 
Coal Pit, near South Shields, 1200 feet in depth) proved 
perfectly successful, and the oscillations of the pendulum 
below being compared with those of the clock above, by 
the immediate tranamiasion of the beats of the latter down 
the mine by an electric wire, the great difficulty (that of 
the exact transmission of time) was annihilated The resnlt 
of this experiment was that a pendulum vibrating seconds 
at the mouth of the pit, would gain 2| sec per day at its 
bottom, and the dual result (of which the calculations have 
very recently been published'*) gives 6 565 for the mean 
density of the earth 

(778 h ) The difference between these several results is 
considerable, and even the interval between the last men 
tioned and the highest of the others pretty large it is 
bridged over, however, so to speak, and the interval partly 
filled up, by the results of a totally different class of ex 
penments of a much more cunous and artificial nature, 
which we have now to desenbe We have already seen 
(art 234) that the force of gravity may be brought directly 
into comparison with other matenal forces by using as an 
intermedium the elastic power of a spring What is true 
of gravitation to the whole mass of the earth is equally so 
of gravitation toward any material mass, as a leaden ball 
It may be measured by eqnilibratiog it with the tension of 
a spring, provided, Isl, that we can frame a spring so deh 
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cate 08 to be TJSiblj and measoraWj affected b7fio miouto 
a force, 2dly, that the force can be so applied aa to be the 
only force tending to bend the spring, a condition which 
implies that it shall act on it, not vertically, but horizon 
tally, so as to eliminate the weight of the spring, or at least 
pre\ent its being mixed op with the result, and, Sdly, that 
we shall possess some independent means of measuring the 
elastic power of the spring itself All these conditions are 
satisfied by the balance of torsion, devised by Micbell with 
a view to this inquiry, and applied, after his death, to the 
intended purpose by Cavendish, in the celebrated experi 
ment usually cited as “the Cavendish Experiment*"* 

(776 t ) The apparatus consists essentially of a Jong 
wooden rod made so aa to unite great strength with little 
weight, carrying at its extremities two equal balls A, B, 



and suspended in a horizontal situation by a wire no thicker 
than necessary securely to snstaiu the weight, from a point 
over its centre of gravity, the wire being arranged ns m the 
figure BO as to relieve the rod of the weight of the balls its 

'• Ph 1 TraoB 1198 469 CiiTend ah eipreaslf atatea that M cbel! a in 
Ttortonrf tt atwautilu) nstrunwBl wianzTonkatwa t>l Yt to Din was 
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office being solely to keep them apart at a given horizontal 
distance It is evident that when suspended from C, and 
allovrcd to take its position of cqmhbnnm undisturbed by 
any external force, the rod will nssamc each a sitaation 
that the wire 0 D shall be quite devoid of torsion, bat that 
if the rod A B be disturbed from this neutral position, C D 
remaining lertical, the clsstto force of the wire called into 
action by the torsion so induced will tend to bring it back 
to the point of departure by a force proportional to the 
angle of torsion When so disturbed then, and abandoned 
to Itself, It will oscillate backward and forward m horizontal 
arcs, the oscillations being all performed in equal times, 
and from the time observed to be occupied in each oscilla 
tion, the weights of the balls and that of the rod being 
known, wc arc able, from d^oamicil principles, to deter* 
mine the moUie forct by which the wire acts on the balls, 
or the force of torsion Suppose, now, two heavy leaden 
spheres to be brought laterally, up nearly into contact, tho 
one with A, the oilier with B, but on opposite sides of 
them, they will attract A B, and tbeir attractions will coo 
spire 10 twisting the wire the same way, so that the point 
of rest will be changed from tbo original neutral point to 
one m which the torsion shall just counterbalance the 
attractions By shifting the attracting balls alternately 
to the one and the other sides of A B these will assume 
positions of rest, alternately on opposite sides of the original 
neutral point, and equidistant from it, so that the donation, 
if any, shall thus become doubled in its effect on the read 
mgs off of a scale marked by a pointer at the end of the 
rod, which may be observed throngh a telescope placed at 
a distance, so that the approach of the observer's person 
may create no disturbance 
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(77G;) Practically, the observation is not so simple as 
m the above statement The balls can hardly ever be 
brought completely to rest, and 4116 neutral point has to 
be concluded by noting the extremes of the arc of oscilla 
tion, perpetually diminishing by the resistance of the air 
And when the attracting balls are brought into action, their 
attraction (acting laterally, according to the inverse squares 
of the distances) mixes itself with the lorce of torsion, to 
produce a compound law of force, under whose influence 
the times, velocities, and arcs have a different relation from 
those due to the torsion alone, and which, when investigated 
rigorously, lead to calculations of great complexity. Fortu« 
nately, the extreme minuteness of the attractive forces dis 
peases with a ngorous solutioo of this problem, and allows 
of a very simple and ready approximation, quite ^saot 
enough for the purpose But besides these, a host oldis 
turbing mfluonces, arising from currents of air inclucod by 
difference of tempenture, has to be contended with or 
guarded against, so ns to render the experiment one of great 
difficulty and fall of niceties, the mere enumeration of 
which here, however, would lead us far beyond our limits •* 
(776 i) The experiment, as conducted by Cnvcndisb, 
afforded as its final result 5 480 Repeated since, with 
greater precantions, by Professor Reich, C 4S8 was ob 
tamed, and still more recently, bj the late F Bail), in 
n senes of experiments exhibiting an astonishing amount 
of skill and patience in overcoming the almost innomcrtblo 


** Tbft render Li warded to bo oo hi* irukH lOt ac««pUn(r a* correct aa 
account of tbo pnnclple of U o CaemdUli *ij>enmcnt prnfoicinit to emanaio 
from one rerj a.iirooo«tical aottiontj- and whiotil /«n* or com 

ment (nnd therefore ao hr aancilooed) bj anoiler butwtldi inrolrei a total 
tnlicoQcnpton of lia tniA nature (Arego Lnlo^t d( Atlron^^nkt tra.lulU td 
annofal* dt E. Oijvetl, >apoIi, ISSt, |S 33S) 
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obstacles to complete success, 6’660', a result uudoubtedly 
preferable to the two former. Thus the final result of the 
whole inquiry will stand as below, the densities concluded 
being arranged in order of magnitude: 


ScheLalliea experiment, b; UMicelTne, cftleuUted by PlAjfalr, D — 4*713 
Carljni Jrom peDdulum on Ifount deois (coivecied 4 950 

Col James trom attracDOD oi Arthnr'a Beat . . 5 316 

Reich, repetition ot Carendiah experiment ... . 6 438 

Cavendish, result 5 480, corrected by Ur Baily’fl recomputation 5 448 
Bally’s repetition of Cavendish expenment . . 5 660 

Airy from pendulum in Harton com pit 0 665 

Oeneral mean . . 6 441” 

Ueaa of greatest and least 5 639 


(776 1 .) Calculating on 6J as a result sufficiently approxi- 
mative and convenient for memory, taking the mean diam- 
eter of the earth, cooaidered as a sphere, at 7912 41 miles, 
and *the weight of a cnbic foot of water at 62 8211 lbs. ; we 
find for Its solid content in cubic miles, 259,878 millions, 
and for its weight in tons of 2240 lbs. avoird each, 6&12 
trillions (=s6842xl0‘') 


” Kevrton, by one «1 hi« eetomsbiDg d>'rm»tiOD8, bed elteedy expressed his 
opinion that the mean density of the earth would be found to be between five 
and BIX times that of water (Prmc. lu 10 ) 
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OF SIDEEEAL ASTR0E0U7 

CHAPTER XV 

Of tUe Fixed Stars— Their Olasaidcabon by Ua^itudeg— Photometnc Scale 
of ITagnitudes — CoDTeQt)oi>a] or Vulgar Scale — Pbotomeiric Compan 
Bon of Scars— Diatribution of Stars over the Hesrens— -Of the Milky 
Way or Galaxy— Its Supposed Form that of a Flat Stratum Partially 
Subdivided— Its Visible Course amoog the Constellatious— Its Intersal 
Structure— Ice Appareotly Indedeite iixteoC in Certain Directioue—Of 
the Distsoee oC the Fixed Stats— Their Asnual Parallax— FsrsUactio 
Uoit of Sidereal Dutasce— Effect of Parallax Asalogoua to that of 
AbartaPOQ— Horr DieUuguiabed from twBeleeiioa of Parallax by 
Mendonal Observaticoa— HeuderaoD'a Applieallos to • Ceatauri— 
By BiSerential Obaembo&a— BiaeoveriM of Besaol and Struve— 
List of Start u which Parallax has been Detected— Of the Peat 
Msguiladea of the Scare— Companeoa of their Lights with that of 
the Sua 

(777 ) Besides the bodies we have described in the fore* 
going chapters, the heavens present us with an innumerable 
multitude of other objects, which are called generally by tbe 
name of stars Though comprehending individuals differ 
mg from each other, not merely in brightness, but in many 
other essential points, they all agree in one attribute— a 
high degree of permanence as to apparent relative situation 
This has procured them tbe title of “fixed stars an ex 
pression which is 50 be understood in a comparative and not 
an absolute sense, it being certain that many, and probihle 
that all, are in a stite of motion, although too slow to be 
perceptible unless by means of very delicate observations, 
continued during a long senes of years 

(778 ) Astronomers are m tbe habit of distinguishing the 
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stars iDto classes, according to their apparent brightness 
These are termed magnitudes The brightest stars are said 
to be of the first magnitude, those which fall so far short of 
the first degree of brightness os to make a strongly marked 
distinction are classed m the second, and so on down to the 
sixth or seventb, which compnsc the smallest stars Msible 
to the naked eye, m the clearest and darkest night Beyond 
these, however, telescopes continue the range of visibility, 
and magnitndes from the 8th down to the 16th are familiar 
to those who are in the practice of nstog powerful instru 
menta , nor does there seem the least reason to assign a limit 
to this progression, every increase m the dimensions and 
power of instruments, which successive improvements m 
optical science have attained, having brought into view 
multitudes inuumerable of objects invisible before, so that, 
for anything experience has hitherto taught us, the number 
oi the stars may be really infinite, in the only sense in which 
we can assign a meaning to the word 

(779 ) This classification into magnitudes, however, it 
must be observed, is entirely arbitrary OI a multitude of 
bright objects, differing probably, intrinsically, both in siae 
and in splendor, and arranged at unequal distances from us, 
one must of necessity appear the brightest, one next below 
it, and so on An order of succession (relative, of course, 
to our local situation among them) must exist, and it is a 
matter of absolute indifference, where, in that infinite pro 
gression downward, from the one brightest to the invisible, 
we choose to draw our lines of demarcation All this is 
a matter of pure convention Usage, however, has estab 
lished such a convention, and though it is impossible to 
determine exactly, or 5 j>ru»r», where one magnitude ends 
and the next begins, and although different observers have 
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dtiTcrcd in their magnitudes) ^et, on the whole, astronomers 
have restnoted thoir ilrst rangnitudo to aboat 23 or 24 prm 
cipal stirs, their second to CO or 60 next inferior, their 
thin] to nbout 200 jot smaller, and bo on; the numbers in- 
creasing very rapidly as wo descend in the scale of bright- 
ness, the whole number of stars already registered down to 
the seventh magnitude, inclnsive, amounting to from 12000 
to 16000 

(780 ) As wo do not seo the actual disk of a star, but 
judge only of its brightness by the total impression made 
upon the eye, the opparent “magnuude" of any star will, it 
IS evident, depend, Ist, on the star’s distance from us, 2d, 
on the absolute magnitude of its illuminated surface, Sd, on 
the intrinsic brightness of that surlace Now, ns we know 
nothing, or next to nothing, of any of these data, and have 
every reason for believing that each of them may differ m 
diScrent individuals, in the proportion of many millions to 
one, It IS clear that we are not to expect much satisfaction 
ID nny conclusions we may draw from numerical statements 
of the number of ladividuals which have been arranged in 
onr artificial classes antecedent to any general or definite 
prineijyh of arrangement In fact, astronomers have not 
yet agreed upon any principle by which the magnitudes 
may be photometrically classed d priori, whether for ex- 
ample a scale of brightnesses decreasing in geometrical pro 
gressioQ should be adopted, each term being one half of the 
preceding, or one third, or any other ratio, or whether it 
would not be preferable to adopt a scale decreasing as the 
squares of the terms of a harmonic progression, t e accord 
mg to the senes 1, 1, i, m, n, etc The former would be a 
purely photometric scale, and would have the apparent ad 
vantage that the light of a Star of any magnitude would bear 
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a fixed proportion to that of the inagnitode noxtabo\c it, 
an advantage, however, merely apparent, as it is certain, 
from many optical facts, that the unaided 030 forms very 
different judgments of the proportions existing between 
bright lights, and those between feeble ones The latter 
scale involves a physical idea, that of supposing the scale 
of magnitudes to correspond to the appearance of a first 
magnitude standard star, removed successively to twice, 
three times, etc , its original or standard distance Such a 
scale, which would mahe the nominal magnitude a sort of 
index to the preaumabU or average distance, on the supposi 
tion of an equality among the real lights of the stars, would 
facilitate the expression of speculative ideas on the constitu* 
tiou of the sidereal heavens On the other band, it would 
at first sight appear to make too small a difference between 
the lights lu the lower magoitades For example, on this 
principle of nomenclature the light of a star of the setenth 
magnitude would be thirty six 49th3 of that of one of the 
sixth, and of the tenth 81 hundredths of the ninth, while be 
tween the first and the second the proportion would be that 
of four to one So far however from this being really ob 
jectionable, it falls in well with the general tenor of the 
optical facts already alluded to inasmuch as the eye (in 
the absence of disturbing causes) does actually discriminate 
with greater precision between the relative intensities of 
feeble lights than of bnght ones so that the fraction ff, for 
instance, expresses quite as great a step downward (physio 
logically speaking) from the sixth magnitude, as J does from 
the first As the choice therefore so far as we can see, 
lies between these two scales in drawing the lines of demar 
cation between what maybe termed the pholometrical maff 
niludea of the stars, we hare no hesitation lu adopting, and 
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recommending others to adopt, the latter system in prefer* 
ence to the former. 

(781 ) The conventional magnitudes actually m use 
among astronomers, so far as their usage is consistent with 
itself, conforms»-moreover very much more nearly to this 
than to the geometrical progression It has been shown* 
by direct pbotometnc measurement of the light of a consid* 
erable number of stars from the first to the fourth magni- 
tude,* that if AI be the number expressing the magnitude of 
a star on the above system, and m the number expressing 
the magnitude of the same star in the loose and irregular 
language at present conventionally or rather provisionally 
adopted, so far as it can be collected from the condieting 
authorities of different observers, the difference between 
these numbers, or is the same in all the higher parts 

of the scale, and is less than half a magnitude (0* 414) 
The standard star assumed as the unit of magnitude m the 
measurements referred to, is the bngbt southern star « Cen- 
taun, a star someirhat superior to Arctiirus in lustre If 
we take the distance of this star for unity, it follows that 
when removed to the distances 1 414, 2 414, 3 414, etc , its 
apparent lustre would equal those of nverngo stars of the 
Ist, 2d, Sd, etc , magnitudes, aa ordinarily recloned, 
respectively 

(782 ) The diftcrcnce of lustre between stars of two con- 
secutive magnitudes is so con<uderablc as to allon of many 
intcrmediato gradations being (icrfcctly well distinguished. 
Hardly any two stars of the first or of the second magnitndo 
would be judged by an eye practiced in such comparisons 


' 8«e “Rm iIu tsi oads *1 C«p* Good etc., 

p 311 D 7 tlie Anlhor 
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to be exactly equal m bnghtne^ Hence, the neceesity, if 
anything like accuracy be aime<I at, of subdividing tbe mag 
nitudes and admitting fractions into our nomenclature of 
brightness When this necessity first began to be felt, a 
simple bisection o! the interval was recognized, and the 
intermediate degree of bnghtness was thus designated, viz 
12m 23m and so on At present it is not infrequent to 
find tbe interval trisected thus^ 1 m, 1 2 m, 2 1 m, 2 m, etc , 
where the expression 12m denotes a magnitude intermedi 
ate between the first and second, but nearer 1 than 2 while 
21m designates a magnitude also intermediate, but nearer 
2 than 1 This may suffice for common parlance but as 
this department of astronomy progresses toward exactness, 
a decimal subdivision will of necessity supersede these rude 
forms of expression, and tbe magnitode will be expressed 
by an integer number followed by a decimal fraction, as, 
for instance, 2 51, which expresses tbe magnitude of x Hemi 
norum oa the vulgar or conventional scale of magnitudes, 
by which we at once perceive that its place is almost ex 
actly half way between tbe 2d and 3d average magnitudes, 
aud that its light \s to that of au average first magnitude 
star m that scale (of which « Ononis in its usual or normal 
Btate’ may be taken as a typical specimen) as 1* (2 61)*, aud 
to that of a Centauri as 1* (2 ^24)* making its place in tbe 
photometric scale (so defined) 2 924 Lists of stars northern 
and southern comprehending those of the vulgar first sec 
ond, and third magnitudes with their magnitudes decimally 
expressed in both systems will be found at the end of this 
work The light of a alar of the sixth magnitude may bo 
roughly stated as about the hundredth part of one of the 

‘ In the interral from 1836 to 1839 this sur uodenreot cons derable and 
remarkshlo flucCualions ol bngbcoeaa. 
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first Sinas ■would mako between three and four hundred 
stars of that magnitude 

(783 ) The exact photometrical determination of the com 
parative intensities of light of the stars is attended with 
many and great difficulties, arising partly from their differ 
ences of color, partly from the circumstance that no mvari 
able standard of arUjictal light has yet been discovered, 
partly from the physiological cause above alluded to, by 
which the eye is incapacitated from judging correctly of the 
proportion of two lights, and can only decide (and that with 
not very great precision) as to their equality or inequality, 
and partly from other physiological causes The least ob 
jectionable method hitherto proposed would appear to be 
the ioilomng A natural standard of compansoa is in the 
first instance selected, brighter than any of the stars, so as 
to allow of being equalized with any of them by a reduction 
of Us light optically effected, and at the same time either 
invariable, or at least only so variable that its changes can 
be exactly calculated and reduced to nuraerical estimation 
Such a standard is offered by the planet Jupiter, which, 
being much brighter than any star, subject to no phases, and 
variable in light only by the vonation of its distance from 
the sun, and which moreover cornea in succession above the 
horizon at a convenient altitude simultaneously with all 
the fixed stars and in the absence of the moon, twilight, 
and other disturbing causes (which fatally affect all obser- 
vations of this nature) combines all the requisite conditions. 
Let us suppose, now, that Jupiter being at A and the star 
to be compared with it at D, a glass prism C is so placed 
that the light of the planet deflected by total internal refitc 
non at its base, alnll emerge parallel to B B, the direction of 
the star s visual ray After reflection, let it be received on 
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a lens I), la whoso focus F it will form a small bngbt star 
like imago capable o! being viewed by on oyo placed at E, 
so far out of the axis of the cone of diverging rays as to 
admit of seeing at the same time, and with the same c}0, 
and 80 comparing, this image with the star eecn directly. 



By bringing the eye nearer to or further from the focus F, 
the apparent brightness of the focal point will be varied in 
the inverse ratio of the square of the distance L F, and 
therefore may be equaUt«d, as well as the eye can judge of 
such equalities, with the star If this be done for two stars 
several times alternately, and a mean of the results taken, 
by measunug E F, their relative bnghtness will be obtained, 
that of Jupiter, the temporary standard of comparison, being 
altogether eliminated from the result 

(784 ) A moderate number of well selected stars being 
thus photometrically determined by repeated and careful 
measurements, so as to aSord an ascertained and graduated 
scale of brightness among the stars themselves, the inter* 
mediate steps or grades of magnitude may be filled up, by 
inserting between them, according to the judgment of the 
eye, other stars, forming an ascending or descending 
sequence, each member of such a sequence being brighter 
than that below, and less bngbt than that above it, and 
thus at length, a scale of numerical magnitudes will be 
AStROiOMI— Tol XX — 11 
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oomo csiabUshcdj complcto in all its members, Iroin Sirius, 
the brigblest of the stUM, donrn to tbo Jeaat visible inagui- 
tudo.' It were much to bo wished that this branch of as- 
tronomy, which at present can hardly bo said to bo advanced 
beyond its infancy, were porscvcringly and systematically 
cultivated. It is by no means a^ubjcct of mere barren 
curiosity, as will abundantly appear when we come to 
speak of the phenomena of variable stars; and being more- 
over one in which amateurs of the science may easily chalk 
out for themselves a usefal and available path, may nato- 
rally bo expected to receive largo and interesting accessions 
at their hands 

(785) If the companaan of the apparent magnitudes of 
the stars with their numbers leads to no immediately obvious 
conclusion, it is otherwise when we view them in connection 
with their local distnbutiou over the heavens If indeed 
we confine ourseWes to the tiiree or four brightest classes, 
we shall find them distributed with a considerable approach 
to impartiality over the spbero; a marked preference how- 
ever being observable, especially in the southern hemi- 
sphere, to a zone or belt, following the direction of a great 
circle passing through « Ononis and o Crucis Bat if we 
take in the whole amount visible to the naked eye, we shall 
perceive a grot increase of number os we approach the 
borders o£ the Milky Way. And when we come to tele- 
Bcopic magnitudes, we find them crowded beyond imagina- 


* For tb6 method o( eoinhmia{r su4 treatiD; such aequencea, where eccumu 
l&ted io coDSiderablo numbers so ss to elunlosM from their resalu the InSueDCo 
of erroneous judgment, stmospheric eirenrestsnces etc which often gire Ties to 
eaatrsdiciOTf arrsQgements In the creerof sUra diOenag hut htCe is magnitude^ 
as well as (or an account ot a series of photometric comparisons (i° '^'hicli how 
erer not Jupiter, but the noon was iised sa an Incernediste stsndsrd) see the 
work abora cited note on p 355 (Resolts of Obserrsttoo*, «c ) Prof Heis 
of hlunaier is so far as we are swaro the onlj obeerrer who has adopted and 
extended the method of sequences there employed. 
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tioD, along tbo extent of that circle, and of the branches 
which it Bcnda oil from it*, so that in foot its whole light is 
composed of nothing bnt stara of eTCi^ magnitude, from 
sneh as are Tisible to the naked eje down to the smallest 
point of light perceptible with the best telescopes. 

(786.) These pbcnonCna agree with the supposition that 
the stars of oar firmament, instead of being scattered in 
all directions indlilereatly tbrongh space, form a stratam 
of which the thickness is small, in comparison with its 
length and breadth; and in which the earth ocoapies a 
place somewhere abont the middle of its thickness, and 
near the point where it enbdirides into two principal 
laminm, inclined at a small angle to each other (art. 802). 
For it is certain that, to an eje so sitnated, the apparent 

density of the stars, sopposing them prexty equally scat* 
tered through the space they occupy, would be least in a 
direction of the visual ray (as S A), perpendicular to tbo 
lamina, and greatest in that of its breadth, as S B, S C, S B; 
increasing rapidly in passing from one to the other direction, 
just as we see a slight haze in the atmosphere thickening 
into a decided fog bank neat the horizon, by the rapid in* 
crease of the mere length of the visual ray. Such is the 
view of the construction of the starry firmanent taken by 
Sir ‘William Herschel, whose powerful telescopes first 
eSected a complete analysis of this wonderful zone, and 
demonstrated the fact of its entirely consisting of stars.* 

* Thomas Wnght of Durham fTboorj of the UniTerse, Loudon, 1T60) ap- 
pears 80 earl;- aa 1T34 to hare ent^t^ed the same general new as to the coa* 
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So crowded are they in aomo parts of it, that bj connting 
the stars id a single field of liis telescope, bo was led to 
conclado that 50000 had passed under his review in a zone 
two degrees in breadth, during a single hour’s observation 
In that part of tho Milky Way which is situated in lOh 80ro 
K A and between tho 147tb and 3^h degree of N P D , np 
ward of 6000 stars have been reckoned to exist in a square 
degree The immense distances at which the remoter re 
gions must be situated will suHtctcntly account for the vast 
predominanco of small magnitudes which are observed in it 
(787 ) Tho course of tho Milky Way as traced through 
tho heavens by tho nnaided eye, neglecting occasional 
deviations and following the Imo of its greatest bnghlness 
as well as its varying breadth and intensity wj/I permit, 
conforms os nearly os tho indcllmtcness of its boundary will 
allow tt to be Qzod, to that of a groat circle inclined at an 
angle of about 63^ to the equinoctial, and cutting that circle 
in K A 6h 47m and ISb 47m , so that its northern and 
Boulhern poles respectively are situated in B A 12h 47m 
N P P 63“ and R A Oh 47m N P P 117“ Throughout 
the region where it is so remarkably subdivided (art 166) 
this great circle holds ao intermediate situation between the 
two great streams with a nearer approximation however to 
the brighter and continoons stream, than to the fainter and 
interrupted one If we trace its course in order of right 
ascension, we find it traversing the constellation Cassiopeia, 

Its brightest part passing abont two degrees to the north of 
the star 8 of that constellation, t e in about 62“ of north 


a&eiUau q( 10% tCU:; »niil Wutr flnauifint foimdal <^u.eA to. tha lU oC 
justMtivzximie^ apecuUtloo ob » pArUal midatoo ol a portioo ot It wltb a 
ooe-foot tefiector reflector onefootbitocftl leoglb) 8 m u account of tbia 
rare work bj tir de korpui in Flui. Mag Ber 3 xzxiL p. 241 e< $»t 
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declination, or 28* K. P. D. Passing thence between y and 
t Cassiopeia it sends oQ a branch to the sonth'precediog 
side, toward a Persei, yer; oonspienons as far as that star, 
prolonged faintly toward • of the samo constellation, and 
possibly traceable toward the Hyades and Pleiades as to* 
mote outliers. The mmn stream, however (which is hero 
very faint), passes on throogh Anriga, over the throe ro* 
markable stars, •, C, f , of that constellation called the Hoxii, 
preceding Capella, between the feet of Gemini and the horns 
of the Ball (where it intorsocts the ecliptic nearly m the 
Solstitial Colore) and thence over the clnb of Orion to 
the neck of Monoceros, intersecting the eqainocUal in 
B A> 6h 54ai. 0p to this point, from the offset in Per* 
sens, Its light is feeble and indefinite, bat thenceforward 
it receives a gradaal accession of brightness, and where it 
passes throogh the shoalder of Monoceros and over the 
head of Gams Major it presents a broad, moderately bright, 
very anlform, sod to the naked eye, starless stream op to 
the point where it entcra the prow of the ship Argo, 
nearly on the soathem tropic.* Here it again aabdivides 
(aboot the star m Fappis), sending oS a narrow and winding 
branch on the preceding side as far as r Argfis, where it 
termmates abruptly. The mam stream patsaes its sooth* 
w^ coarse to the 123d parallel of N F.D., where it diSoses 
itself broadly and again subdivides, opening ont into a wide 
fan like expanse, nearly 20® in breadth formed of interlacing 
branches, all which terminate abruptly, m a line drawn 
nearly tbroagh I and r Argds. 

* In rending thin deneripdon • celestial g1ol» vUl be • neceasaiy oompanion. 
It may te tbooght needteas to detail the conrae of the Uilkj’ Waj rerbaUj, 
alnm U. la ma^!;^ doeni. on. all odenSaL oharta and ^obea^ Bofcln. 
er&Utj of them, Indeed in all which hare come to oar knowledge, thu is done 
eo Terr txaely and iDoonecUy, as by no mesas to dispense with a Terbal 
descrlpVob. 
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(788) At this p]aeo the continuity of the Milkj 'Wayifl 
intemiplcd by a wide gap, and where it rccomracncM on 
the oppo8ito Bido it la by a aomcwliat similar fan shaped 
as^cmblago of branchca which conrergo upon the bright 
star 1 } Argfla Thonco it croisea the hindfcct of tho Ceo' 
taur, forming a cnnotia and sharply deflned semicircular 
concavity of amalJ radma, nod oolers the Croon by a reiy 
bright neck or lalbraus of not more than 8 or 4 degrees m 
breadth, being tbo narrowest portion of tho Milky Way. 
After this it inimcdiotely espands into a broad and bright 
mass, inclosing the stars a and fi Crticis, and fi Centaun, and 
oxtonding almost np to a of tbo latter constellation In tho 
midst of this bright mass, surrounded by it on all sides, 
nnd occupyiQg about baU its breadth, occurs a singular 
(lark pear shaped vacaticy, so conspicnous and remarkable 
os to attract the notice of the most superficial gasor, and 
to have acquired among the early sootbem navigators the 
uncouth bat expressive appellation of the coal sad la this 
vacancy which is about S'* in length, and S'* broad, only one 
very small star visible to the naked eye occurs, though it 
13 far from devoid of tolescopio stars, so that its sinking 
blackness is simply das to the effect of contrast with tbo 
brilliant ground with which it is on all sides surrouaded 
This IS the place of nearest approach of tho Milky Way to 
the South Polo Throughout all this region its brightness 
is very striking, and when compared with that of its more 
northern course already traced, conveys strongly the im 
pression of greater proximity, and would almost lead to 
a belief that out situation as spectators is separated on 
all sides by a considerable interval from the dense body 
of stars composing tho Oala^, which in this view of the 
subject would come to be considered os a flat nng or some 



OCnXLVESf OF ASTROVOirr 


705 


other ro entering form ol immense and irregular breadth 
and thicLne-s, >MthiQ which we are cxccntrically situated, 
nearer to the southern than to the northern part of its 
circuit 

(789 ) At a Centaun, tbo Milky Way again subdivides,* 
sending ofl a great branch of neatly halt its breadth, but 
which thins off rapidly, at an angle of about 20” with its 
general direction, toward the preceding side, to and d 
Lupi, beyond which it loses itself m a narrow and faint 
streamlet The mam stream passes on increasing in breadth 
to r Norms, where it makes an abrupt elbow and again sub* 
divides into one principal and continuous stream of very 
irregular breadth and brightness on the following side, and 
a complicated system of interlaced streaks and masses on 
the preceding, which covers tbo tail of Scorpio, and termi* 
nates in a vast and faint eflusion over the whole extensive 
region occupied by the preceding leg of Ophiucbus, extend 
ing northward to the parallel of lOS* N P D , beyond which 
It cannot be traced, a wide interval of 14”, free from all ap 
pcarance of nebulous light, separating it from the great 
branch on the north side of the equinoctial of which it is 
usually represented os a continuation 

(790 ) Heturniog to the point of separation of this great 
branch from the mam stream, let us now pursue the course 
of the latter Making an abrupt bend to the following side, 
it passes over the stars i Arte, 9 and « Scorpii, and r Tubi to 
Y Sagittani, where it suddenly collects into a vivid oval 
mass about 6” m length and d” in breadth, so excessively 
nch in stars that a very moderate calculation makes their 
somber exceed 100,000 Northward of this mass, this 

* All the ta&pa aad flobM plaoa this subdifision at P Oentauri bat em* 
neoualj 



roo 


OUTLINES OF ASTRONO}n’ 


stream croBSoa tlio echptio m longitude about 276'*, and 
proceeding along tbo bow of Sagittarius into Antinoua bos 
Its coarse rippled by three deep concavities, separated from 
each other by remarkable protuberauces, of which the larger 
and brighter (situated between Plsmsteed's stars 5 and 6 
Aquilic) forms tbo most conspicuous patch in the southern 
portion of the Milky Way vtsiblo in our latitudes 

(791 ) Crossing the equinoctial at the 19th hour of right 
ascension, it next runs in on irregular, patchy, and winding 
stream through Aquda, Sagitta and Vulpecula up to Cyg- 
uus, at r of which constellation its continuity is interrupted, 
and a very confused and irregular region commences, 
marked by a broad dark vacuity, not unlike the southern 
“coal sack,” occupying the space between t, a, and y Oygni, 
which serves as a kind of centre /or the divergeoce of three 
great streams, one, which we have already traced, a second, 
the continuation of the first (across the interval) from a 
northward, between Lacerta and the head of Cepheus to the 
point ID Cassiopeia whence we set out, and a third branch* 
mg ofi from y Oygni, very vivid and conspicuous, running 
oil in a southern direction through Cygni, and « Aqmlm 
almost to the equinoctial, where it Joses itself in a region 
thinly sprinkled with stars, where in some maps the modern 
constellation Taurus Ponialovsln is placed This is the 
branch which, if continued across the equinoctial, might 
be supposed to unite with the great southern efiusion m 
Opbiuchus already noticed (art 789) A considerable off- 
set, or protuberant appendage, is also thrown off by the 
northern stream from the head of Oepheus directly toward 
the pole, occupying the greater part of the quartile formed 
hy a, e, and d of that constellation 

(792) We have been somewhat circumstantial m de* 



scnbiug the coarse anti pnnetpal featares of the Via Lac 
tea, not only be auso there does not occur aQ> where (so far 
aa we Lnow) any correct accoant of it, but chicflj by reason 
of its high interest in sidereal ostrenomy, and that the reader 
mayperceiNe how \ cry dillicnU jt must ncce aarily bo to 
form any ]ust conception of tho real, solid form, as it exists 
in space, of an object so complicated, and which we sec from 
a point of view so unfavorable The difficalty is of the 
same kind which we expenence when we set ourselves to 
conceive the real shape of an auroral arch or of tho clouds, 
but far greater in degree, because we know tho laws which 
regulate the formation of the latter, and limit them to cer 
tain conditions of altitude—because their motion presents 
them to US m vanons aspects, but chieQy because we con 
template them from a station considerably below their gen 
eral plane, so as to allow of onr mapping out some kind of 
ground plan of their shape All these aids are wanting 
when we attempt to map and model out the Galaxy, and 
beyond the obvious concluaion that its form must be, gen 
erally speaking flat and of a thickness small m comparison 
with Its area in length and breadth, the laws of perspective 
afford as little further assistance in the inquiry Probabil 
ity may it is true here and there enlighten us as to certain 
features Thas when we see, as in the coal sack a sharply 
defined oval space free from stars, insulated m the midst of 
a uniform band of not much more than twice its breadth it 
would seem much le«3 probable that a conical or tubular 
hollow traverses tho whole of a starry stratum continuously 
extended from the eye outward, than that a distant mass of 
comparatively moderate thickness should be simply perfo 
rated from side to side or that an oval vacuity should be 
seen foreshorteneu m a dutant foreshortened area, not really 
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oxceoding two or three times its own breadth. Neither can 
we without obvious improbability refuse to admit that the 
long lateral offsets which at so many places quit the mom 
stream and run out to great distances, are either planes seen 
edgewise, or the convexities of curved surfaces viewed tan 
gentially, rather than oylmdncal or columnar excrescences 
bristling up obliquely from the general level And in the 
same spirit of probable surmise we may account for the in* 
tneate reticulations above described as existing in the region 
of Scorpio, rather by the accidental crossing of streaks thus 
ongioating, at very different distances, or by a cellular 
structure of the mass, than by real interaeotions Those 
cirrous clouds which are often seen in windy weather, con* 
vey no inapt iropreasion oitber of the kind of appearance m 
question, or of the structure it suggests It is to other indi* 
cations, however, and chiefly to the telescopic examinatioii 
ol its intimate constitution and to the law of the distribution 
of stars, not only within its bosom, but generally over the 
heavens, that we must look for more definite knowledge 
respecting its true form and extent 

(793 ) It IS on observations of this latter class, and not on 
merely speculative or conjectural views, that the generali* 
nation in art 786 which refers the phenomena of the starry 
firmament to the system of the Galaxy as their embodying 
fact, 18 brought to depend The process of “gauging” the 
heavens was devised by Sir W Herschel for this purpose 
It consisted in simply counting the stars of all magmtudes 
which occur in single fields of view, of 16 in diameter, visi- 
ble tbrongh a reflecting telescope of 18 inches aperture, and 
!oca} i&ogth, wiih a xsagsiijiiag pawaa uf JSD° the 
points of observation being very numerous and taken indis* 
cnnunately in every part of the«arfoc© of the sphere visible 
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in our latUudcfl. Oo a comparison of many hundred such 
“gangea” or local enumerations it appears that the density 
of starlight (or the number of stars existing on an average 
of several such enumerations in any one immediate neigh* 
borhood) is least in the pole of the ffofaetie cirefe,* and in- 
creases on all sides, with the Oalactie polar distance (and 
that nearly equally in all directions) down to the ililky 
yj&y itself, where it attains its maximum. The progressive 
rate of increase in proceeding from the polo is at Qrst sloWy 
but becomes more and more rapid as wo approach the plane 
of that circle according to a law of which the following num- 
bers, deduced by M. Strove from a careful analysis of all 
the gauges in question, will afford a correct idea: 


OaUaw ' Hoftb ptoUr OiiUeiM 


0* 

15* 

30* 

44* 

CO* 

14* 

90* 


4 14 
4-C8 
6 53 
19 SC 
11 64 
30 30 
. 123 00 


From which it appears that the mean density of the stars in 
the galactic circle exceeds in a ratio o! very nearly 80 to 1 
that in its polo, and in a proportion of more than 4 to 1 tliat 
in a direction 16” inclined to its plane 

(704 ) These numbers fully bear out the statement in 
art 78G and even draw closer the resemblance by which 


that statement is there illustrated For the rapidly increas- 
ing density of a fog-bank as the visual ray is depressed 
toward the plane of the bonxoo is a consequence not only 


^ From y«*»t mlUc, mesoin^ Uia great circle «pok«u of fn ari. 187, 

to which the course of tlie Via IdCU* loost oearl^ conforms Tins circle is U> 
sidereal whst the InTsrisble ecliptic Is to planetsrj utronom/— * plane of uiti 

toaiA cctiv.«nm ihA^rivinA^jAniioLUiACuhwftitle^iiJAm. 

* Etudes d'Astronomfe Stellaiio p 71 U ScruTe maioisios the Gsloctlc 
circle (o be ft smell, not ft (rreftt. circio of the sphere. The ftppesl is to the eye 
sight. 1 reiftin taj own eonrlctiaa. 
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of the mere increase in length of the foggy space traversed, 
but also of an actual lucreoso of density in the fog itself in 
its lower strata Now this very conclusion follows from a 
comparison inter ae of the numbers above set down, as M. 
Struve has clearly shown, from a mathematical analysis of 
the empirical fonaula, which faithfully represents their law 
of progression, and of which he states the result in the fol 
lowing table, expressing the densities of the stars at the re 
spective distances, 1, 2, 3, etc , from the galactic plane, taking 
the mean density of the stars jo that plane itself for noity. 


SntanceB from the 
OAlActlo Flene. 

neoalty of 
Stars. 

DUtaacee from tbe 

Oalerllc riaoe 

l>ei»[tr of 

StAr« 

0 00 

1 00000 

0 60 

0 08646 1 

0 05 

0 48660 

0 60 


0 10 

0 33269 

CIO 


0 SO 

0 S3896 

0 80 


0 SO 

0 17980 

0 866 


0 40 

0 13021 


BHMH 


The unit of distance, of which the hrst column of this table 
expresses fractional parts, is the distance at which such a 
telescope is capable of rendering just visible a star of average 
magnitude, or, as it is termed, its space pentiraiing power. 
As vre ascend therefore from the galactic plane into this 
kind of stellar atmosphere, we perceive that the density of 
Its parallel strata decreases with great rapidity At an alti* 
tud© above that plane e^nal to only one twentieth of the 
tele‘>copic limit, it has already ditninished to one half, and 
at an altitude of 0 866, to hardly more than one two bun* 
dredth of its amount in that plane So far as wo can per 
cetve there is no flaw in this reasoning, if only it bo granted, 
let, that the level planes are contioaous, and of equal den 
8ity throughout, and, 2<IIy, Ihai an absolute and dejintte hvni 
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IS set to telescopic vision^ heyond whtehf xf stars exist, they elude 
our nght, and arc to us as xf they existed not a postulate 
whose probability the reader will be m a better condition 
to estimate, when in possession of some other partionlais 
respecting the constitation of the Galaxy to be described 
presently 

(795 ) A similar course of observation followed out in 
the southern hemisphere leads independently to the same 
conclusion as to the law of the visible distribution of stars 
over the sontbern galactic hemisphere, or that half of the 
celestial surface which bos the south galactic pole for its 
centre A system of gauges, extending over the whole sur 
face of that hemisphere taken with the same telescope field 
of view and magnifying power employed in Sir William 
Hersohel s gauges has i^orded the average numbers of 
stars per field of 15 in diameter, within the areas of zones 
encircling that pole at intervals of 15^, set down m the fol 
lowing table 


Zooei of Oftlsctto South 
Fo vDufaoce 
0* to 18* 
is to 30 
30 to 46 
45 to 60 
60 tots 
15 to 90 


arense Namber of Stan 
per Field of is' 

6 0S 
6 63 
0 08 
13 49 
26 29 
69 OS 


(796 ) These numbers are not directly comparable with 
those of M Struve given lo art 793 because the latter cor 
respond to the limitiDg polar distances while these are the 
averages for the included zones That eminent astronomer, 
however has given a table of the averige gauges uppropri 
ate to each degree of north galactic polar distance • from 
which it IS easy to calculate averages for the whole extent 


* Btadra d ^advaomsa Stollaire p 34 
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o! each zone How near a parallel the results of this calcn 
lation for the northern hemisphere exhibit with those above 
stated for the southern will be seen by the following table 


Zcoeoof Qalacttc Korth 
Dinaoce 

0* to 16' 

16 to 30 
so io46 
45 to 60 
60 to 76 
76 to 90 


Areran Number of Stars 
per rieldol 15 from 
U Strure a Table 


4 33 
6 42 
S3I 
IS 61 
24 09 
63 43 


It would appear from this that, with au almost exactly 
similar law of apparent density in the two hemispheres, the 
southern were somewhat richer m stare than the northern, 
which may, and not improbably does arise, from our situa 
tion not being precisely in the middle of its thickness, but 
somewhat nearer to its northern surface 

(797 ) When examined with powerful telescopes, the con 
stitution of this wonderful zone is found to be no less van 
ous than Its aspect to the naked eye is irregular In some 
regions the stars of which it is wholly composed are scat 
tered with remarkable uniformity over immense tracts while 
in others the irregularity of their distribution is quite as 
striking exhibiting a rapid succession of closely clnstcring 
neh patches separsted by comparatively poor intervals, and 
indeed in some instances by spaces absolutely dark and 
completely %o\d of any star, ©\en of the smallest telescopic 
magnitude In some places not more thin 40 or 60 stars on 
an average occur in a “gauge ’ field of 16 , while in others 
a similar average gives a result of 400 or 600 Nona less 
variety observable in the character of its difiercnt regions 
in respect of the magnitudes of the stars they exhibit and 
the proportional numbers of the larger aud smaller magni 
tudes associated together, than m respect of their aggregate 
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nambers lo Bome, for instance, extremely minnte stars, 
tboogh never altogether wanting, occur m numbers so 
moderate as to lead us irresistibly to the conclusion that 
lu these regions we see faxtly through the starry etratam, 
since it IS impossible otherwise (supposing their light not 
intercepted) that the numben of the smaller magnitudes 
should not go on continnally increasing ad infinitam In 
such cases moreover the ground oi the heavens, as seen 
between the stars, is for the most part perfectly dark, which 
again would not be tbe case, if innnmerable mnltitndes of 
stars, too minnte to be individually discernible, existed 
beyond In other regions we are presented with the phe 
nomenon of an almost nmform degree of bnghtness of tbe 
indmdaal stars, accompanied with a very even distribution 
of them over tbe ground of tbe heavens, both tbe larger 
and smaller magoitades being strikingly deficient In such 
cases it IS equally impossible not to perceive that we are 
looking through a sheet of stare nearly of a size, and of no 
great thickness compared with tbe distance which separates 
them from us Were it otherwise we should be driven to 
suppose the more distant stare uniformly the larger, so as 
to compensate by their greater intnosic bnghtness for their 
greater distance, a supposition contrary to all probability 
In others again, and that not infrequently we are presented 
with a double pheuomeQon of the same kind, viz a tissue 
08 It were of large stars spread over another of very small 
ones, the intermediate magnitudes being wanting Tbe con 
elusion here seems equally evident that in such cases we look 
through two sidereal sheets separated by a starless interval 
(798 ) Throughout by far the larger portion of the extent 
ol the Hilky W ay m hofti ■hemispheres, the general "black 
ness of the ground of the heavens on which its stars are 



0UTLI^E3 OF ASTROIiOMT 


m 

projected, and the absence of that innumerable multitude 
and excessive crowding of the smallest visible magnitudes, 
and of glare produced by the aggregate light of multitudes 
too small to affect the eje smgly, which the contrary sop 
position would appear to necessitate, must, we think, be 
considered unequivocal indications that its dimensions tn 
dtrecUoTis where these conditions oitatn, are not only not 
infinite, but that the space penetrating power of our tele 
scopes suffices fairly to pierce through and beyond it It 
13 but right however to warn our readers that this conclusion 
has been controverted, and that by an authority not lightly 
to be put aside, on the ground of certain views taken by 
Olbers as to a defect of perfect transparency m the celestial 
spaces, in virtue of which the light of the more distant stars 
IS enfeebled more than in proportion to their distance The 
uztinotion of light thus onginatiug, proceeding in geometri 
cal progression while the distance increases in arithmetical, 
a limit, it 18 argued, is placed to the space penetrating 
powers of telescopes, far within that which distance alone 
apart from such obscuration would assign It would lead 
us too far aside of the objects of a treatise of this nature 
to enter upon any disonssion of the gronuds (partly meta 
physical) on which these views rely It must suffice hero 
to observe that the objection alluded to, if applicable to 
any, is equally so to every part of the galaxy "We are not 
at liberty to argue that at one part of its circumference 
our view is limited by this sort of cosmical veil which ex 
tiDguisbes the smaller magnitudes, cuts off the nebulous 
light of distant masses, and closes our view in impenetrable 
dorkoesSf trbde at anotber we are by the cJearest 

evidence telescopes can afford to believe that stir strewn 
vistas lie open, exhausting Ibeir powers and stretching out 
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beyond their ntmoet reach, as la proved by that very phe 
nomenon ^hich the csistenco of such a veil would render 
impossible, viz. infinite mcrcsBe of number and diminution 
of magnitude, terminating m complete irresolvable nebu 
losity Such IS, m effect, the apectacle afforded by a very 
large portion of the Milky Way in that interesting region 
near its point of biforcation in Scorpio (arts 789, 792) 
where, tbrougb the hollows and deep recesses of its com 
plicated strnctnre, we behold what has all the appearance of 
a wide and indeflmtely prolonged area strewed over with 
disconUnnons masses and clouds of stars which the tel 
escope at length refuses to analyze ** WbatKcr other coo 
clnsions we may draw, this must anyhow B6''regaTded os 
the direction of the greatest linear extension of the ground 
plan of the galaxy And it would appear to follow, also, 
as a not less obvious consequence, that in those regions 
where that zone is clearly resolved into stars well separated 
and seen prejeaUd on a blacK ground, and where by conse 
quence it is certain if the foregoing news be correct that 
we look out beyond them into space the smallest visible 
stars appear as sneb, not by reason of excessive distance, 
but of a real inferiority of size or brightness ' 

(799 ) When we speak of the comparative remoteness of 
certain regions of the starry heavens beyond others, and 
of oar own sitaation in them, the qnestion immediately 

It 'wonld be doinj; Injostice to the Ulustnone astronomer of Pulkora 
(whose opinion it ve her« seen to cootrorert it is with th« utmost possible 
deterence and respect) not to mentitai that at the tune ol "his writing the re- 
markable esBa;^ already more than once cited in which the views in quest on 
are delivered he could not have been ewara of the important facts alluded to 
in the test the work n wh ch they are described be eg then unpubl shed 

" Professor I<oom s (Progress of Astronomy 1850 p 141) w th the facts 
adduced before hun amves at a contrary coodus on Astronomers will judge 
ol the valid ty of his objections. Trolessor Argelander {Astron ISachr 998) 
baa cited mo in support oi O bera theory m d reel oppoa lion to my own op n 
ion here (as 1 should have thought dlednctly enough) recorded. 
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arises, what is the distance of the nearest fixed star? W^hat 
w the scale on which our Tisible firmament is constructed? 
And what proportion do its dimensions bear to those of our 
own immediate system ? To these questions astronomy has 
at length been enabled to afiTord an answer 

(800 ) The diameter oi the earth has served us for the 
base of a triangle, in the tngonomttTical aurtey of oar system 
(art. 274), by which to calculate the distance of the sun, 
but the extreme minuteness of the sun’s parallax {art 857) 
renders the calculation from this “ill conditioned" triangle 
(art 275) so delicate, that nothing but the fortunate com 
bination of favorable circumstances, afforded by the transits 
of Venus (art 479), could render its results even tolerably 
worthy of reliance But the earth's diameter is too small 
A base for direct triangulation to the verge even of our own 
system (art 526), and we are, therefore, obliged to substi 
tute the annual parallax for the diurnal, or, which comes 
to the same tbiug, to ground our calculation on the relative 
velocities of the earth and planets in their orbits (art 486), 
when we would push our triangulation to that extent It 
might be naturally enough expected, that by this enlarge 
meat of our base to the vast diameter of the earth s orbit, 
the next step in our survey (art 276) would be made at 
a great advantage — that our change of station, from side 
to Bide of it, would produce a considerable and ensily 
measurable amount of annual parallax m the stars, and 
that by its means we should come to a knowledge of their 
distance But after exhausting every refinement of obser 
vatioa, astronomers wore, up to a very late period, unable 
to come to any positive and coincident conclusion upon this 
bead, and the amount of such parallax, even for the nearest 
fixed star examined with the requisite attention, remained 
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mixed up with, and concealed among, the errors incidental 
to all astronomical determinations The nature of these 
errors has been explained m the earlier part of this work, 
and we need not remind the reader of the difficolties which 
must necessarily attend the attempt to disentangle an ele- 
ment not exceeding a few tenths of a second or at most 
a whole second from the host of uncertainties entailed on 
the results of ohsetvationa by them none of them indi 
Yidually perhaps of greater magnitude, but embarrassing 
by their number and fluctnatiog amount Nerertbeless, 
by snccessire refinements m loatmment making, and by 
constantly progressive approximation to the exact knowl 
edge of the uranographical corrections, that assurance has 
been obtained, even in the earlier years of tb© present 
century, vu that no star visible in northern latitudes, to 
which attention bad been directed, manifested an amount of 
parallax exceeding a single second of arc It is worth while 
to paitae for a moment to consider what conclusions would 
follow from the admission of a parallax to this amount 
(801 ) Kadms is to the sme of 1' as 206265 to 1 In this 
proportion then at least most the distance of the fixed stars 
from the son exceed that of the son Jroin the earth Again, 
the latter distance, as we have already seen (art S57), ex 
ceeds the earth s radios in the proportion of 239&i to 1 
Taking therefore the earth s radius for nnity, a parallax 
of 1' supposes a distance of 4947059760 or nearly five thou 
sand millions of such amts and lastly, to descend to ordi 
nary standards, since the earth's radius may be takeu at' 
4000 of our miles, we find 19788239040000 or about twenty 
billions of miles for our resulting distance 

(802 ) In such numbers the imagination is lost The 
only mode we have of conceiving such intervals at all is 
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ftTiBCs, whftt is the dlstanco of iho nearcat fixed star? TVJiat 
is the scale on nhioh our mible firmamcol is constructed? 
And what proportion do its dimensions bear to Ihoso of oar 
own immediato system? To these questions astronomy baa 
at length l>ceii enabled to nflord an answer. 

(800.) The diameter of the earth ha.s served ns for the 
base of a triangle, in the irijonomefneal surtey of oar system 
(art 274), by which to calculate the distance of the sun; 
but the extreme minntoness of the sun's parallax (art. 857) 
renders the calculation from this "ilbconditioned” triangle 
(art. 275) so delicate, that nothing but the fortunate com* 
bination of favorable circumstances, afforded by the transits 
of Venus (art. 476), could render its results oven tolerably 
worthy of rcitaocc. Hut the earth’s diameter is too small 
a base for direct tnaoguIatiOD to the verge oven of our own 
system (art 526), and we arc, therefore, obliged to substi* 
tnte the annual parallax for tbo diumnl, or, which cornea 
to the same thing, to ground our calculation on the relative 
velocities of tbo earth and planets m tlieir orbits (art 486), 
when wc would push our tnaDgul&tion to that extent. It 
might be naturally enough expected, thot by this enlarge- 
ment of our base to the vast diameter of the earth 8 orbit, 
the next step in our survey (art 276) would be made at 
a great advantage,— that our change of station, from side 
to side of it, would produce a considerable and easily 
measurable amount of annual parallax m the stars, and 
that by its means we should come to a knowledge of their 
distance. But, after exhausting every refinement of obser- 
vation, Astronomers were, up to a very late period, unable 
to come to any positive and coincident conclusion upon this 
bead, and the amount of such parallax, even for the nearest 
fixed star examined with the requisite attention, remained 
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mixed op with, and concealed among, the errors incidental 
to all astronomical determinations. The natore ol these 
errors has been explained in tho earlier part o! this work, 
and we need not remind tho reader ol the diGicohies which 
most necessarily attend the attempt to disentangle an ele- 
ment not exceeding a few tenths of a second or at moat 
a whole second from the host of nncertaintics entailed on 
the resnlts of obscrrations by them: none of them indi* 
vidnally perhaps of greater magnitude, hot embarrassing 
by their number and fluctuating amount. Nevertheless, 
by successive reflnementa in instrument making, and by 
constantly progressive approximation to the exact knowl* 
edge of the uranographtcal corrections, that assurance has 
been obtained, oven in tbe earlier years of the present 
century, viz. that no star visible m northern latitudes, to 
which attention bad been directed, manifested an amonot of 
parallax exceeding a single second of arc. It is worth while 
to panse for a moment to consider what conclusions would 
follow from tbe admission of a parallax to this amount 
(801 ) Eadius is to the smo of 1' as 206265 to 1. In this 
proportion then ot least most the distance of the fixed stars 
from the son exceed that of the snn from tbe earth. Again, 
tbe latter distance, as we have already seen (art. 857), ex- 
ceeds ^the earth's radius in the proportion of 23984 to 1. 
Taking therefore the earth's radius for unity, a parallax 
of 1* supposes a distance of 4947059760 or nearly fire thou- 
sand millions of such units and lastly, to descend to ordi- 
nary standards, since tbe earth's radius may be taken at' 
4000 of our miles, we find 19788239040000 or about twenty 
billions of miles for our resnlting distance 

(802 ) Id such numbers the imagination is lost. The 
only mode we have of conceiving such intervals at all is 
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by the time which it would require for light to traverse 
them Light, as we know (art. 645), travels at the rate of 
a semidiameter of the earth*8 orbit in 8" 13* 8 It would, 
therefore, occupy 206205 times this interval or 3 years and 
83 days to traverse the distance in question Kow as this 
13 an inferior limit which it is already ascertained that 
even the brightest and therefore probably the nearest stars 
exceed, what are we to allow for the distance of those 
innumerable stars of the smaller magnitudes which the 
telescope discloses to usi What for the dimensions of 
the galaxy in whose remoter regions, as we have seen, the 
united lustre of myriads of stars is perceptible only in 
powerful telescopes as a feeble nebulous gleami 

(803) The space peoetraling power of a telescope or the 
comparative distance to which a given star would require to 
ho removed in order that it may appear of the same bright 
ness in the telescope as before to the naked eye, may be cal« 
oulated from the aperture of the telescope compared with that 
of the pupil of the eye, and from its redectisg or traasmittiog 
power, * e the proportion of the incident light it conveys to 
the observer s eye Thus it has been computed that the 
space penetrating power of each a reflector as that used lo 
the star gauges above referred to is expressed by the num 
her 75 A star then of the sixth magnitude removed to 75 
times Its distance would still be perceptible as a star with 
that instrument, and admitting such a star to ba^e 100th 
part of the light of a standard star of the first magnitude, 
it will follow that such a standard star, if removed to 750 
times its distance, would excito in the eye, when viewed 
through the gauging telescope, the same impression os a star 
of the sixth magnitude docs to the naked eye Among the 
infinite multitado of such stars in the remoter regions of 
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the galaxj, it is but fair to conclude that innumerable indt* 
Tiduals equal in intrinsic brightness to those which imme- 
diatelj surround us must exist. The light of such stars then 
must have occupied upward of 2000 years in travelling over 
the distance which separates them from our own system. 
It follows then that when we observe the places and note 
the appearances of such stats, we ate only reading their his- 
tory of two thousand years’ anterior date thus wonderfully 
recorded. We cannot escape this conclusion bat by adopt- 
ing as an alternative nn intrinsic inferiority of light in all 
the smaller stars of the galaxy. We shall be better able to 
estimate the probability of this alternative when wc shall 
have made acquaintance with other sidereal systems whoso 
existence the telescope discloses to ns, and whose analogy 
will eatisfy us that the view of the sabject here taken is m 
perfect harmony with the general tenor of astronomical facte. 

(8&i.) Hitherto wc have spoken of a parallax of 1* as a 
mere hmlt below which that of any star yet examined as- 
suredly, or at least very probably falls, and it is not without 
d certain convenience to regard this amount o! parallax as a 
sort of nnit of reference, which, connected in the reader’s 
recollection with a parallactic unit of distance from our sys- 
tem of 20 billions of miles, and with a 3J year’s journey of 
light, may save him the trouble of such calculations, and 
ourselves the necessity of covering onr pages with such 
enormous numbers, when speaking of stars whose parallax 
has actually been ascertained with some approach to cer- 
tainty, either by direct mendian observation or by more 
refined and delicate methods These we shall proceed to 
explain, after first pointing out the theoretical pecnliaritics 
which enable ns to separate and disentangle Us effects from 
those of the uranograpbical corrections, and from other 
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causes of error which hemg penodical in their nature add 
greatly to the difficulty of the subject The effects of pre 
cession and proper motion (see art 852) which are uniformly 
progressive from year to year, and that of nutation wlueh 
runs through its period in nineteen years, it is obvious 
enough, separate themselves at once by these characters 
from that of parallax, and, being known with very great 
precision, and being certainly independent, as regards their 
causes, of any individual peculiarity in the stars affected by 
them, whatever small uncertainty may remain respecting 
the numerical elements which enter into their compntatioa 
(or ID mathematical langoage their eoefficienta), can give rise 
to no embarrassment 'With regard to aberration the case is 
matenally different This correction affects the place of a 
star by a ffuctuation anniuil in its period, and therefor^ so 
far, agreeing with parallax It is also very similar in the 
law of Its variation at different seasons of the year, parallax 
having for its apex (see arts 343, 844) the apparent place of 
the sun in the ecliptic, and aberration a point m the same 
great circle 90° behind that place, so that in fact the for 
mulse of calculation (the coefficients excepted) are the same 
for both, substituting only for the suu s longitude in the 
expression for the one, that longitude diminished by 90® 
for the other Moreover, m the absence of ahsoliile certaxnty 
respecting the nature of the propagation of light, astrono 
mers have hitherto considered it necessary to assume at 
least as a possibility that the velocity of light may be to 
some slight amount dependent on individual peculiarities 
in the body emitting it ” 


•• In the actual stole «t MtroncHay wd pbotology this necessity con hardly 
bo coostdored as sMU exhclng and « t« deslraWo Ibero/ore that ibe pract » of 
aatroDomera of int^udng an tmlcitowtioomctloo lor the constost ot aberntlon 



OUTLINES OP ASTRONOifT 


721 


(805 ) If we suppose a line dnwn from the star to the 
earth at all seasons of the year, it is evident that this lino 
will sweep over the surface o! an exceedingly acute, oblique 
cone, having for its axis the Iiae joining the sun and star, 
and for its base the earth s annual orbit, which, for the 
preaout purpose, we may suppose circular The star will 
therefore appear to describe each year about its mean place 
regarded as hxed, and in virtue of parallax alone, n minute 
ellipse, the sectiou of this cone by the surface of the celes 
tial sphere, perpendicular to the visnal ray But there is 
also another way m which the same fact may be represented 
The apparent orbit of the star about its mean place as a cen 
tre, will bo precisely that which it would appear to desenbe, 
i! seen from the son, suppoaiog it really revolved about that 
place ID a circle exactly equal to the earth's oDOual orbit, in 
a plane parallel to the ecliptic This is evident from the 
equality and parallelism of the hoes and directions con 
cetned Now the effect of aberration (disregarding the 
slight variation of the earth’s velocity in different parts 
of its orbit) IS precisely similar in law, and differs only in 
amount, and in its bearing reference to a direction 90” dif 
ferent m longitude Suppose, in order to fix our ideas the 
maximum of parallax to be 1' and that of aberration 20 5', 
and let A B, a 6, be two circles imagined to be described 
separately, as above, by the star about its meau place S, lu 
virtue of these two causes respectively, ^ being a line paral 
lei to that of the hoe of equinoxes Then if in virtue of 
parallax alone, the star would be found at a in the smaller 
orbit, it would in virtue of aberration alone be found at A, 
in the larger, the angle a S A being a right angle Draw 


ieto their * eqoatiou ot condiuon ’ for the determhi&tiOD of psr&llex should bo 
disused ^ce It MtUAllr (ends to Intr^uce error Into the fioh result. 
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ing then A 0 eqaal and paralle] to S a, and joinings 0, it 
wiJl in virtue of both aimoltaneonsly be found In C, i.e. in 
the circumferenoe of a circle ^hose radios Is S C, and at a 
point in that circle, in advance of A, the aberrational place, 
by the angle A S G. Now since S A : A 0 : ; 20*5*: 1, we 
find for the angle A S 0 2® 47' 35', and for the length of the 
radios S 0 of the circle representing thecomponnd motion 
20'‘524. The diSerence (0'*024) between this and S O, the 
radius of the aberration circle, is quite imperceptible, and 
even supposing a quantity so minute to be capable of deteO' 



tion by a prolonged senes of observations, it would remain 
a qnestion whether it were produced by parallax or by a 
epecifio diSerence of aberratiou from the general aver£^ 
20' '5 in the star itself. It is therefore to the difference of 
2® 48' between the angular situation of the displaced star in 
this hypothetical orbit, i.e. in the ar^umenis (as they are 
colled) of the joint correction that of aberration 

alone (y S A), that wo have to look for tbs resolution of the 
pioWem o/para/ftoc. ^Uereadbr mayeagrfy-Sgtzf^ 6? Ac®* 
self the delicacy of an inquiry which turns wholly (oven 
when stripped of all its other difficulties) on the precise de* 
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lerminaVion of a quantity of this natare, and of snch very 
modcrato magnitude. 

' (808.) Bat these other difBcalties themselves arc of no 
Irifllng order. All astronomical tnstraments are affected 
by diCerences ol temperatare. Not only do the materials 
of ^hlch they are composed expand and contract, but the 
'masonry and solid piers on which they are erected, nay even 
the very soil on which these are founded, participate in the 
general change from summer warmth to winter cold. Hence 
an<;e slow oscillatory movements of exceedingly minute 
amount, 'which levels and plambdines afford but very in' 
, adequate means of detecting, and which being also annual 
in tfmr period (after rejecting whatever is merely casual and 
momentary) mix themselves iotimatcly with the matter of 
our inquiry. Befractioo too, besides its casual vanatious 
from night to eight, which a long senes o! observations 
would cliraiuate, depends for its theoretical expression on 
the constitution of the strata of our atmosphere, and the 
law of the distnbutiou of heat and moisture at different ele- 
vations, wluch cannot be unaffected by difference of season. 
No wonder theo that mere mendional observations should, 
almost up to the present time, have proved insuflicient, 
except in one very remarkable instance, to afford unques- 
tionable evidence, and satiafoctory quantitative measure- 
ment of the parallax of any fixed star. 

(807.) The instance referred to is that of « Centauri, one 
of the brightest and for many other reasons, one of the most 
remarkable of the sontbem stars. From a series of obser- 
vations of this star, made at the Eoyal Observatory of the 
Cape of Good Hope in the years 1832 and 1833, by Professor 
Henderson, with the mnrsi circle of that establishment, a 
parallax to the amonnt of an entire second was concluded 
AsTBoxoinr— To). XX— 12 
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on hie reduction of the observations in question after his 
return to England Subsequent observations by Mr Mae 
lear, partly with the same, and partly with a new and far 
more efficiently constructed mstroment of the same descnp 
tion made in the years 1839 and 1840, have fully confirmed 
the reality of the parallax indicated by Professor Header 
son’s observations, though with a slight diminution in its 
concluded amount, which comes out equal to O' 9128 or 
about liths of a second, hntfht stars tn its immediate neigh 
horhood being unaffected by a similar periodical displacement, 
and thus affording satisfactory proof that the displacement in 
dicated in the case of the star tn question is no^ merely a result 
of annual variations of Umperature As it is impossible at 
present to answer for so minnte a quantity os that by which 
this result differs from an exact second, we may consider 
the distance of this star as approximately expressed by the 
parallactic unit of distance referred to in art 604 

(808 ) A short time previous to the publication*' of this 
important result, the detection of a sensible and measurable 
amount of parallax in the star N® 61 Oygoi of Flamsteed s 
catalogue of stars was announced by the celebrated aatrono 
mer of Honigsberg the late M Bessel '* This is a small 
and inconspicuous star, bordly exceeding the sixth magni 
tude, but which had been pointed out for especial observa 
tion by the i%inar4.able circumstance of its being affected by 
a proper motion (see art 852) tea regular and continually 
progressive annual displacement among the surrounding 
stars to the extent of mote than 6' per annum a quantity 
80 very much exceeding the average of similar minute an 


'• Prof HenSenon’s paper w#s md before the Aatronomtcftl Bocletf <rf 
£ondoo aTeD 3 1839 It bears date Dec. H 1838 

'♦ Aatronomlsche Nachrlchtcn SIos 365 366 Dec. IS 1838 
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nTial displacement.'^ which many other stars exhibit, ns to 
lead to a saspicioo of its bolog actually nearer to our sys* 
tern. It IS not a httlc remarkablo that a similar presump* 
tion of proximity exists also in the ease of a Centaun, whose 
unusually large proper motion of nearly -4' per annum is 
stated by Profesaor Ilenderson to have been the motive 
which induced him to subject his observations of that star 
to that severe discussion which led to the detection of its 
parallax. M. Bessel’s observations of 61 Cygni were com 
menced in August, 1837, immediately on the esmbhshment 
nt the Khnigsberg observatory of a magniGcent hcUometer, 
the workmanship of the celebrated optician Fraunhofer of 
Uunicb, an lostrumeat especially fitted for the system of ob- 
eervatioo adopted; which being totally diUerent from that 
of direct meridional observation, more refined m its coocop> 
tion, and suscepUblc of far greater accuracy in its practical 
application, wo must aow explain. 

(809.) Parallax, proper motion, and specifio aberration 
(denoting by the latter phrase that part of the aberration of 
a star’s light which may be supposed to arise from its indi* 
vidua! peculiarities, and which we have every reason to be- 
lieve at all events an exceedingly minute fraction of the 
whole) are the only uranograpbical corrections which do 
not necessarily afiect alike the apparent places of two stars 
situated in, or very neorZy in, the same visual line. Sup 
posing then two stars at an immense distance, the one be- 
hind the other, but otherwise so situated as to appear very 
nearly along the same visual hoe, they will constitute what 
is called a star optically double, to distinguish it from a star 
physically double, of which more hereafter. Aberration 
(that which is common to all stars), precession, nutation, 
nay, even refraction, and inatrumenial causes of apparent dts- 
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placement, will affect them alikSy or so very nearly alike (if 
the minute difference of their apparent places be taken into 
account) as to admit of the difference being neglected, or 
very accurately allowed for, by an easy calculation If 
then, instead of attempting to determine by observation the 
place of the nearer of two very unequal stars (which will 
probably be the Jargei) by direct observation of its right 
ascension and polar distance, we content ourselves with re 
fernng its place to that of its remoter and smaller com 
pamon by differential observation, i e by measuring only 
Its difference of situation from the latter, we are at once 
relieved of the necessity of making these corrections, and 
from all uncertainty as to their influence on the result 
And for the very same reason, errors of adjustment (art 
IS6). of graduation, and a host of instrumental errors, 
which would for this delicate purpose fatally affect the 
absolute determination of either star’s place, are harmless 
when only the difference of their places, each equally 
affected by such causes, is required to be known 

(810 ) Throwing aside therefore the consideration of all 
these errors and corrections, and disregarding for the pres 
ent the minute effect of specific aberration and the uni 
formly progressive effect of proper motion, let us trace the 
effect of the differences of the parallaxes of two stars thus 
juxtaposed, or their apparent relative distance and position 
at various seasons of the year Now the parallax being 
inversely as the distance, the dimensions of the small el 
lipses apparently described (art 805) by each star on the 
concave surface of the heavens by parallactic displacement 
will differ — the nearer star descnhing the larger ellipse 
But both stars lying very nearly in the same direction from 
the sun, these ellipse wilfbe similar and similarly situated. 
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Suppose S and « lo be the positions oC tlic tv^o stars as seen 
from ibc san, and lot A B C D, « 6 c </, be their parallactic 
ellipses, then, since they will beat all times similar!} situ 
ated m these ellipses, when the one star is seen at A, the 
other will be seen at a ‘When the earth has made a quar 
ter of a re's olotion in its orbit, their apparent places will be 
B b, when another qnarter, C e, and when another, D tl 
If, then, we measure carcfoll}, with micrometcrfl adapted 



for the purpose, their apparent situation with respect to each 
other, at different times of the year, we should percene a 
periodical change, both in the dtreetion of the line joining 
them, and in the durance between tbeir centres For the 
lines A a and C c cannot be parallel, nor the lines B b and 
D d equal, unless the ellipses be of equal dimensions, t e 
unless the two stars have the same parallax, or are equidis 
tant from the earth 

(811 ) Now, micrometers, properly mounted, enable us 
to measure very exactly both the distance between two ob 
jects which ean be seen together in the same deld of a tele 
scope, and the position of the line joining them mtb respect 
to the horizon, or the meridian, or any other determinate 
direction in the heavens The double image micrometer, 
and especially the heliometer (arts 200, 201), is peculiarly 
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adapted for this purpose The images of the two stars 
formed side by side, or in the same line prolonged, however 
momentanlj disphced by temporary refraction or instra 
mental tremor, move together, preserving their relative situa 
tion, the judgment of which is no way disturbed by such 
irregular movements The heliometer also, taking in a 
greater range than ordinary micrometers, enables us to 
compare one large star with more than one adjacent small 
one, and to select such of the latter among many near it, ns 
shall be most favorably situated for the detection of any 
motion in the large one, not participated m by its neighbors 
(812 ) The star examined by Bessel has two such neigh 
hors, both very minute, and therefore probably very distant, 
most favorably situated, the one (a) at a distance of 7 42', 
the other (e ) at 11 46* from the lai^e star, and so situated, 
that their directioos from that star make nearly a right angle 
with each other The effect of parallax therefore would 
necessarily cause the two distances S a and S « to vary so 
as to attain their maximum and minimum values alternately 
at three monthly intervals, and this is what was actually ob 
served to take place, the one distance being alwoys most 
rapidly on the increase or decrease when the other was sta 
tionary (the uniform effect of proper motion being under 
stood of course to be always duly accounted for) This al 
ternation, though so small in amount as to indicate, as a 
final result, a parallax, or rather a difference of parallaxes 
between the large and small stars ot hardly more than one 
third of a second, was maintained with such regularity as to 
leave no room for reasonable doubt as to its cause, and hav- 
ing been confirmed by the further continuance of these ob 
servations and quite recently by the exact coincidence 
between the result thus obtained, and that deduced by Jf 
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Petera from observations of the same star at the obsenimtoiy 
of Folkova,** is considered on all bands os fully established. 
The parallax of this star finally resulting from Bessel’s ob- 
servation is 0'*848, so that its distance from our system is 
very nearly three parallactic units. (Art- 804.) 

(818.) The bright star a Lyr» has also near it, at only 43' 
distance (and therefore within the reach of the parallel wiro 
or ordinary double image micrometer), a \ery minute star, 
which has been subjected since 18S5 to a severe and assidu- 
ous scrutiny by M. Struve, on the same principle of differ- 
ential observation. He has thus established the existence 
of a measurable amount of parallax in the large star, less 
indeed than that of 61 Cygm (being only abont } of a sec- 
ond), bnt yet sulEcieat (such was the delicacy of bis meas- 
urements) to justify this excellent observer in announcing 
the result as at least highly probable, on the strength of only 
five nights’ observation, m 1885 and 1836. This probabil- 
ity, the contmuatiOQ of the measures to the end of 1838 and 
the corroborative, though not in this case precisely coinci- 
dent, result of M Peters’s investigations have converted 
into a certainty. M Struve has the merit of being the first 
to bring into practical application this method of observa- 
tion, which, though proposed for the purpose, and its great 
advantages pointed out by Sir William Herschel so early as 
1781,** remained long unproductive of any result, owing 
partly to the imperfection of micrometers for the measure- 
ment of distance, and partly to a reason which we shall pres- 
ently have occasion to refer to 


'• With the great Tertical circle by ErteL 

" It has bMn referred even to Galileo But the general eipIaaetiOD of 
Bacaltax In theSystema Coattucum, Dial hi p STl (Leyden edit. 1C99) to ivbicb 
the refereaco applies does not touch any of the ^culur features of die case, 
or meet soy of Us diisculues. 
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(814.) If the component individuals S, s {fig. art. 810) be 
(as IS often the case) very close to each other, the parallactio 
variation of their angle of ^oaiUonx or the extreme angle in* 
eluded between the lines A a, 0 c, may be very consider* 
able, even for a small amount of difference of parallaxes 
between the large and small stars. For instance, in the case 
of two adjacent stars 16' asunder, and otherwise favorably 
situated for observation, an annual fluctuation to and fro in 
the apparent direction of their lino of junction to the extent 
of half a degree (a quantity which could not escape notice in 
the means of numerous and careful measurements) would 
correspond to a difference of parallax of only J of a second. 
A difference of 1' between two stars apparently situated at 
5' distance might cause an oscillation in that line to the ex* 
tent of no less than 11**, and if nearer one proportionally 
still greater. This mode of observation has been applied to 
a considerable number of stars by Lord Wrottesley, and 
with such an amount of success, ns to make its further 
application desirable. (Phil. Trans. 1851.”) 

(816.) The following are some of the pnncipal fixed stars 
to which parallax has been up to the present time more or 
less probably assigned: 

* CeoMun . . 0 aie (Henderson, corrected Peters.) 

61 Oygni .... 03«8(Be8ed.) 

taliuido 21 25S . 0 260 (KrOger.l 

Oeltten 17418-6 0 247 IKrtger ) 

« Lyra . . 0 18S <w Stnirs. corrected bf O Stntre.) 

Sinua . 0 150 (Henderson, corrected by Peters.) 

lO}! Opbiuchi . . 0 16 (XrOebr.) 

» Ursas Msjons . 0 130 (Peters ) 

Aicturus 0 121 ditto 

Polaris 0 067 ditto 

CapeJla . • • 0 546 ditto 

” See Pbil Trims 1826, p. 266 et atq , end 1827, /or s Hst of stars well 
adapted /or such obaerrstion, with the times ct the year most faTOrablo —The 
list in Fhd. Trans 1926 is Incorrect. 
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Although the extreme mmuteness of the last four of these 
results depnres them of much Dumencal reliance, it is at 
least certain that the parallaxes by no means follow the 
order of magnitudes, and this is further shown by the fact 
that « Cygni, one of M Peters's stars, shows absolutely no 
indications of any measurable parallax whatever 

(816) From the distance of the stars we are naturally 
led to the consideration of their real magnitudes But here 
a difficulty arises, which, so far as we can judge of what 
optical instruments are capable of eSecting, must always 
remain insuperable Telescopes afford ns only negative m 
formation as to the apparent angular diameter of any star. 
The round, well defined, planetary disks which good tel 
escopes show when tamed upon any of the brighter stars 
ere phenomena of diffraction, dependent, though at present 
somewhat enigmatically, on the matual interference of the 
lays of light They are consequently, so far as this inquiry 
is concerned, mere optical illusions, and have therefore been 
termed apurwua disks The proof of this is that telescopes 
of different apertures and magnifying powers -when applied 
for the purpose of measuring their angular diameters, give 
different results, the greater aperture (even with the same 
magnifying power) giving the smaller disk That the true 
disk of even a large and bright star can have but a very 
minute angular measure, appears from the fact that in the 
occuUation of such a alar by the moon, its extinction is 
aisolutely tnatanianaous, not the smallest trace of gradnal 
dmunntion of light being perceptible The apparent or 
spurious disk also remains jKrfnily round and of \la full 
Btze np to the instant of disappearance, which conld not 
Vb Vi£fe rad* wwb it a itai H cmi auu were ■nfmoved 

to the distance expressed by out parallactic unit (art 801), 
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do much better, nor to sparkle as a pageant void of mein 
ing and reality, and bewilder us among vain conjectures 
Useful, it IS true, they are to man as points of exact and 
permanent reference, but he must have studied astronomy 
to little purpose, who can suppose man to be the only object 
of his Creator's care, or who does not see in the vast and 
wonderful apparatus around us provision for other races 
of animated beings The planets, as we have seen, derive 
their light from the sun, but that cannot be the case with 
the stars These doubtless, then, are themselves suns, and 
may, perhaps, each in its sphere, be the presiding centre 
round which other planets, or bodies of which we can form 
no conception from any analogy offered by our own systenii 
may be circulating 

(820 ) Analogies, however, more than conjectural, are 
not wanting to indicate a correspondence between the dy 
namical laws which prevail in the remote regions of the 
stars and those which govern the motions of our own 
system Wherever we can trace the law of periodicity— the 
regular recurrence of the same phenomena in the same 
times — we are strongly impressed with the idea of rotatory 
or orbitual motion Among the stars are several which, 
though no way distinguishable from others by any apparent 
change of place, nor by any difference of appearance m 
telescopes, yet undergo a more or less regular periodical 
increase and diminution of lustre, involving m one or two 
cases a complete extinction and revival These arc called 
periodical stars The longest known and one of the most 
remarkable is the star Omteron^ in the constellation Cctus 
(someUmes called Mira Oeti) which was firet noticed as 
variable by Fabncins in 1696 It appears about twelve 
times m eleven years, or more exactly in a period of 
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331^ 8’‘ 4* IC*; remains ai its greatest bnghtnc-3 nboiu a 
fortnight, being then on some occasions equal to a large 
star of the eecontl magnitude; decrca.«cs during nl>ont three 
months, till it becomes completely invisible to the naked 
eye, in which state it remains about file months; and con 
tinues increasing dnring the remainder of its penod. Such 
is the general course of its phases. It docs not always 
however return to the same degree of brightness, nor in 
crease and diminish by the aame gradations, neither are 
the successive intcrvols of its maxima equal. From the 
recent observations and inqninea into its history by II. 
Argclandcr, the mean period above assigned would appear 
to bo subject to a cyclical fluctuation embracing eighty* 
eight such periods, and having the effect cf gradually 
lengthening and shortening oltcmatcly those intervals to 
the extent of twenty^Ave days one way and the other.' 
The irregularities in the degree of brightness attained at 
the maximum are probably also periodical llevelms re* 
lates’ that during the four ycata between October, 1672, 
and December, 1676, it did not appear at all. It was un- 
usually bright on October 6, 183P (the epoch of its maxi- 
mum for that year according to M Argelander’s observa- 
tions), when it exceeded « Ceti and equalled ^ Aungio in 
lustre When near its minimum its color changes from 
white to a full red. 

(821.) Another very remaikablc periodical star is that 
called Algol, or ^ Persei It is usually visible as a star 
of the second magnitude, and such it continues lor the 
space of 2^ 13^, when it suddenly begins to dimmish in 
splendor, and in about 3} hours is reduced to the fourth 
magnitude, at which it continues about 15°. It then begins 


' Asironom. Keebx No 631 


Zalande’s Attronomr, Art 194 
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jt3 apparent diameter of 82 1' 6 would be reduced to only 
0' 0093, or less than the hundredth of a second, a quantity 
which we have not the amalleat reason to hope any practical 
improvement in telescopes will ever show os an object hav* 
ing distinguishable form 

(817 ) There remains therefore only the indieatjon which 
the quantity of light they send to us may afford But here 
again another difficulty besets ns The light of the sun is 
so immensely superior in intensity to that of any star, that 
It IS impracticable to obtain any direct comparison between 
them Bnt by using the moon as an intermediate term of 
comparison it may be done, not indeed with much precision, 
bat sufficiently well to satisfy to some degree our oonosity 
on the subject Kow a Ceotaun has been directly compared 
with the moon by the method esplained in art 788 By 
a mean of eleven such compansons made in various states 
of the moon, duly reduced and making the proper allowance 
on photometric principles for the moon s light lost by trans 
mission through the lens and prism it appears that the mean 
quantity of light sent to the earth by a fall moon exceeds 
that sent by o Ceutaun in the proportion of 27403 to 1 
Now 'Wolhston by a method apparently unobjectionable, 
found" the proportion of the son's light to that of the full 
moon to be that of 801072 to 1 Combining these results, 
we find the light sent us by the sun to be to that sent by 
a Centann as 21,955,000,000, or about twenty two thousand 
millions to 1 Hence from the parallax assigned above to 
that star, it is easy to conclude that its mtnnsic splendor, 
as compared with that of our sun at equal distances, is 
2 S247, that of the sun being unity " 

» WollMtOTi PhlL Trani 1833 p 3T 

*• cf Attronomtcai «/ the Cape a/ Oeoi Hope tU art. 
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(818 ) The light of SinuY is four times that of « Ceatauri, 
and its parallax only 0**16 (Art 230 ) This in effect as* 
cnbes to it an intnnsic splendor eqaal to 109 S3 times that 
of a Centaun, and therefore 393 7 times that of our sun ** 


OnAPTER X7I 

TuUUe ud Pertodiol Eur^^Lin of ihoao Almd^ ICcoitb— Irr«pulart 
ties !fl their Terloda ood Lueiro when Crlghtnt— InvfruUr sad Tern 
por&rj Sur»>-Acelent CblneM IlmKb of Serenl — Uljuleg 6ur« — 
Double Son^Tbe r CUsiifleoUoo-^peoimeDi of each CIm»— D inar/ 
8/*tera<^1leTolntIon Roand each other— Deacribe Elliptic OrUte under 
t^ yetrtoDian L»tr of Orarlt/ — Elemenu of Orblu of SeTCml — Actual 
Ihffieneloni of tbelr Orbit*— Colored Double Biare— fbenemenon of 
Coreplenenfar/ Colore— Saognloe 8ur»— Propor Votion of the Slare 
— Eartl; Accounted lor b/ % Real Uotlon of the Bun— Equation of 
the Solar Apex— A(rreeffi«at of Southern and Korthen Burt In Oirtng 
the 6*n« tleauto— Prtaclptea on itbicb the lamtigitlon ot the Solar 
Uoiloo Depooda— Abeoloto Telodt/ of the Bua’a Uolloo— Buppoeod 
BeroUttea ot tho Whole Bidereal Bjttcia Round e Contnoa Centre 
— SritetsatiC l^irallax and Aberration— Effect of the Uoiion of Light 
In Alieriog the Apparent Penod of a B aarj Star 

(819 ) Now, for what purpose are wo to suppose such 
magQiOceot bodies scattered through the abyss of space? 
Surely not to illuminate our nights, which an additional 
moon of the thousandth part of tho size of our own would 


313 p. 333 If 00I7 the resulla obtained near the quadrstarea of tho noon 
(which Is the sitnatlon most farorable to eiaotaess) be used, the resulting TsluO 
of the intHnsie light of the star (tho eun being unllj) Is 4 IBBC On the other 
hsnd U onlf tboeo procured near the full noou (the worst time for obserratlon) 
bo employed the result U 1 401T Dleeordanees of this kind wIU startle no ono 
conrersant with photometry That • Ceniaurl really emlce more light than our 
eun must, we couceiTo be resarded as an established fact. To those who nay 
refer to the work died it U necessary to mention that the quantity there dedg 
sated by U, expresses, on the scale there adopted 600 times tho actual illumi 
Bating power of the moon at the time ot >hserTation, that of the mean lull moon 

* See the work abore died pi SST —Wollaston makes the light of Sirius 

one 20 000 mtihonth of the suD’a 8<etnheU by a rery uncertain method found 
O — ( 328 CB 00 )'X Arclums. 
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do much better, nor to sparkle as a pageant void of meno 
ing and reality, and bewilder us among vain conjectures 
Useful, It IS true, they are to roan ns points of exact and 
permanent reference, but he must have etudie<l astronomy 
to little purpose, who can auppose man to bo the only object 
of his Creator's care, or who does not see in the vast and 
wonderful apparatus around us provision for other races 
of animated beings The planets, as we have seen, derive 
tbeir light from the sun, but that cannot be the case with 
the stars These doubtless, then, ore themselves suns, and 
may, perhaps, each m its sphere, be the presiding centre 
round which other planets, or bodies of which we can form 
no conception from any analogy offered by our own system, 
may be circulating 

(820 ) Analogies, however, more than ceojectara), are 
not wanting to indicate a correspondence between the dy 
namical laws which prevail in the remote regions of the 
stars and those which govern the motions of our own 
system Wherever we can trace the law of periodicity — the 
regular recurrence of the same phenomena in the same 
times — we are strongly impressed with the idea of rotatory 
or orbitual motion Among the stars are several which, 
though no way dtstinguishablo from others by any apparent 
change of place, nor by any difierence of appearance in 
telescopes, yet undergo a more or less regular penodical 
increase and diminution of lustre, involving in on© or two 
cases a complete extinction and revival These are called 
periodical stars The longest known and one of the most 
remarkable is the star Omicron^ in the constellation Cetus 
(sometimes called Mira Oeti), which was first noticed as 
variable by Fabncius in 1690 It appears about twelve 
times in eleven years, or more exactly in a period of 
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331* 8' 4" 16*, remains at its greatest bnglitne s about a 
fortnight, being then on eomo occasions equal to a large 
star of the second magnitude, decreases during about three 
months till it becomw completely invisible to the naked 
eye in which state it remains about fl\ e months and con 
tinucs increasing during the remainder of its period Such 
IS the general course of its phases It does not always 
however return to the same degree of brightness, nor m 
crease and diminish by the Bame gradations neither are 
the suceessne intervals of its maxima equal From the 
recent observations and loquines into its history by M 
Argelander the mean period above assigned would appear 
to be subject to a cyclical fluctuation embracing eighty 
eight such periods and having the eilect of gradually 
lengthening and shortening alteruately those intervals to 
the extent of twenty five days one way and the other ' 
The irregularities in the degree of brightness attained at 
the maximnm are probably also penodical Hevelius re 
lates* that during the four yeara between October 1672 
and December 1676 it did not appear at all It was un 
nsnally bright on October 5 1839 (the epoch of its maxi 
mum for that year according to if Argelander s obsena 
tions) when it exceeded e Ceti and equalled fi Aungte in 
lustre When near its minimum its color change from 
white to a full red 

(821 ) Another very remarkable penodical star is that 
called Algol or Persei It is usually visible as a star 
of the second magnitude and such it continnes for the 
space of 2'' 13, ‘ when it snddenly begins to dimmish in 
vuh 'eti 'a> 

magnitude at which it continues about 15* It then begins 


> ABtroaDm. No 624. 


Xialasae b Atlroacrmr An. 194. 



780 


0VTLWE3 or A3TR0^05^y 


flgAin to increi'io, nnd in 8{ hours more is restored to its 
usual brightness, going through all its changes in 2' 20* 48” 
6-l‘ 7 This remarkable law of variation certainly appears 
strongly to suggest the revolution round it of some opaque 
body, which when interposed between us and Algol, cuts 
oil a largo portion of its light, and this is accordingly the 
view taken of the matter by Goodricke, to whom we owe 
the discoveiy of this remarkable fact,* in the year 1782 
since which time the same phenomena have continued to 
bo observed, bnt with this remarkable additional point of 
interest, viz that the more recent observations as compared 
with the earlier ones indicate a diminution in the periodic 
time The latest observations of Argelander, Heis and 
Schmidt even go to prove that this diminution is not uni 
formly progressive, but is actually proceeding with aoceler 
ated rapidity, which however will probably not continue, 
but like other cyclical combinations in astronomy, will by 
degrees relas, and then bo changed into an increase, accord 
ing to laws of periodicity which, ns well as their causes 
remain to be discovered The first minimum of this star in 
the year 1844 occurred on January 3 at 4* 14“' Greenwich 
mean time.* 

(822 ) The star S in the constellation Cepheus is also 
subject to periodical vanations which, from the epoch of 
its first observation by Goodneke in 1784 to the present 


* The setae d)aeov9ry appesfs U> hare been made searl/ about the same 
time by Pal tzch a farmer of Pn41te Dear Dreaden — a peasant by stat od ao 
astronomer by nature— trho from b a fam 1 ar acquaistaoco w tb the aspect of 
the boavocs had been led to noice among ao many thousand stars tb a one 
as d atingu shed from the rest by Its ranatoo and had ascerta acd its perod. 
The same Pal tzch was alao tbs tirat to red scorer tbe pred cted comet of Ealley 
In 1T69 which he asw nearly a month before any of the aatronomera who 
armed with their teleacopea were ana onaly watching its return These anec 
dotes Carry ua back to the era of Chaldeaa ahepherda ^oslaaar Is 1S69 
and tlarald n 169f bad already noticed a flneluat on of brightosBa in AlgoL 

* Ast Jfach 4T2 
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time, have been continoed with perfect regulantj Its 
period from miDimara to inimmum is 47“ 6, the 

first or epochal mmimuta for ISIO falling, on January 2, 
S* 18“ 87’ M T at Greenwich The extent of its vnnatjon 
IS from the fifth to between the third and fourth magni 
tudes Its increase is more rapid than its diminutton, the 
interval between the minimum and maximum of its light 
being only 1* 14^, while that from the maximum to tlio 
minimum is 3‘ 19' 

(823 ) The periodical star fi Lyre, discovered by Good 
ricke also in 1784, has a period which has been usually 
stated at from 6* 9' to 6' 11*, and there la no doubt that in 
a^^t this interval of time its light undergoes n remarkable 
diminution and recovery The more accurate observations 
of M Argelaader however have led him to conclude* the 
true penod to be 12* 21* 68“ 10*, and that in this period 
a double maximum and minimum takes plsce, the two 
maxima being nearly equal and both about the 8 4 magni 
tude, but the minima considerably unequal, viz 4 S and 
4 6m Id addition to this curious subdivision of the whole 
interval of change into two semipenods we are presented 
in the case of this star with another instance of slow altera 
tion of penod, which has all the appearance of being itself 
periodical From the epoch of its discovery in 1784 to the 
year 1840 the penod was continually lengthening, but more 
and more slowly, till at the last mentioned epoch it ceased 
to increase, and has since been slowly on the decrease 
an epoch for the least or absolute minimum of this star, 
M Argelander’s calculations enable us to assign 1846 Jan 
nary S* 0* 9“ 63* G M T 

' Astron. ifaebr No. 024 See olso Uie TaJuable papers bf tb 8 czeoUeot 
astronomer IS A N ^os 411 455 etc. 
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(824 ) The followiag list comprises most of the variable 
stars at present kno^va 



2-J2± Lutcer 1855 
79 1 Birt, 1831 

Rtad 1851 
313 'Rtad 1850 

331 336 FabncJu* 1595 

2 8673 Goodncke 1783 

44- Baicndel! IBiS 

Hind 1849 
257 

237 1 Hind 1848 

25oX He s 1646 

SchD dt. 1855 
3 Bertel el 1836 
10 15 Scbmdt 1647 

370 Hind 1648 

ArgcUoder 1694 
H Dd 1856 

295 U nd 1646 

287 R nd 1648 

100 7 Rod 1855 

380 Schwerd 1B*’9 

9 434 Hnd 1848 

260 nind 1848 

ntod 1850 


78 Boiylh— 7 

Lon^ UoDlantri 1667 
313 7 Koeb 1783 
301 35 Po^on 1853 
(Groan? Bufchetl IS'S 
Long I^imde 1786 


ifsraldt 1704 I 
Hind 1851 
I Itisade rVi? j 
I Schnnset or — t 
/ Scruro 1839 I 
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eye at its minimum, and sometimes not so, and its maxiroum 
18 also very irregular Pigott’s variable star in Corona is 
stated by M Argelander to vary for the most part so little 
that the unaided eye can hardly decide on its maxima and 
minima, 'while yet after the lapse of whole years of these 
slight fluctuations, they suddenly become so great that the 
star completely vanishes The vanations of a Ononis, which 
were moat striking and uneqnivocal in the years 183S-1840, 
within the years since elapsed became much less conspicu 
ous In January, 1849, they had recommenced, and on 
December 6, 1862, Mr Fletcher observed « Ononis bnghter 
than Capella, and actually the largest star in the Northern 
hemisphere The star called TJ Geminorum, in the list above 
given, 15 stated by Mr Pogsoa to be subject to alternations 
or twinklings of light from the ninth to the thirteenth mag 
mtude, m intervals from nine to fifteen seconds, neighboring 
stars of equal bngbtness remaining steady! 

(827) These irregularities prepare us for other phenom 
ena of stellar variation, which have hitherto been reduced 
to no law of periodicity, and must be looked upon, in rela 
tion to our ignorance and jnexpericnce, as altogether casual, 
or, if periodic, of periods too long to have occurred more 
than once within the limits of recorded observation The 
phenomena we allude to are those of Temporary Stars, 
which have appeared, from time to time, in diflerent parts 
of the heavens, blazing forth with extraordinary lustre, 
and after remaining awhile apparently immoi able, have 
died away, and left no trace Such is the star which, 
suddenly appearing some time about the year 125 B C , and 
which was visible in the daytime, is said to have attracted 
the attention of Hipparchus, and led him to draw up a cata 
logue of stars, the earliest on record Such, too, was the 



OVTLV^ES or ^STRONOJ/r 


741 


star which appeared, A D 889, near « Aqullai, remaining 
for three weeks as bright aa Veans, and diaappeanng en- 
tirely In the years 945, 1284, and 1572, bnlliant stars ap 
pcared m the region of the heavens between Cepheus and 
Cassiopeia, and, from the imperfect account wo have of the 
places of the two earlier, as compared with that of the last, 
which was well determined, aa well as from the lolcnhly 
near coincidence of the intervals of their appearance, wo 
may suspect them, with Goodrickc, to be one and the same 
star, with a period of S12 or perhaps of 156 jears The 
appearance of the star of 1672 was so sudden, that Tycho 
Brahe, a celebrated Danish astronomer, returning one even 
mg (the 11th of November) from his laboratory to lus 
dwelling boase, was surprised to find a group of country 
people gazing at a star, which bo was «urc did not ovist 
half an hour before This was the star in question It was 
then as bright as Sinus, and continued to increase till it 
surpassed Jnpitcr when brightest, and was visible at mid 
day It began to diminish m December of the same year, 
and in March, 1674, bad entirely disappeared So, also, 
on the 10th of October, 1604, a star of this kind, and not 
less brilliant, burst forth m the constellation of Serpentarius, 
which continued visible till October 1605 

(823) Similar phenomena though of a less splendid 
character, have taken place more recently, as in the case 
of the star of the third roagoitude discovered in 1670, by 
Anthelra, in the head of the Swan, which, after becoming 
completely invisible, reappeared, and, after undergoing one 
or two singular fluctuations of light, during two years, at 
last died away entirely, and bos not since been seen 

(829 ) On the night of the 28th of April 1848 Mr Hind 
observed a star of the fifth magnitude or 6 4 (very conspicn 
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oas to the naked eye) m a part of the constellation Ophiu 
chus (R A 16’' 61“ 1* 6, N I* D 102° 39 14*), where, from 
perfect familiarity with that region, he was certain that up 
to the 6th of that month no star so bnght as 9 10m pren 
ously existed Neither has any record "been discovered of a 
star being there observed at any previous time From the 
time of Its discovery it continued to diminish, without any 
alteration of place, and before the advance of the season 
rendered farther observation impracticable, was nearly ex 
tinct Its color was ruddy, and was thought by many ob 
servers to undergo remarkable changes, an effect probably 
of Its low situation 

(830) The alterations of bnghtness in the southern star 
7 Argils which have been recorded, ore very singular and 
surprising In the time of HaUey (1677) it appeared as a 
star of the fourth magnitude Lacaille, in 1761 observed 
It of the second In the interval from 1811 to 1816, it was 
again of the fourth , and again from 1822 to 1826 of the sec 
ond On the 1st of February, 1827, it was noticed by Mr 
Burchell to have increased to the first magnitude, and to 
equal a Crucis Thence again it receded to the second, and 
■^o continued until the end of 1837 All at once in the be 
ginning of 1838 it suddenly increased in lustre so as to sur 
pass all the stare of the first magnitude except Sinus, Cano 
pus, and a Centaun, which last star it nearly equalled 
Thence it again diminished, but this time not below the 
1st magnitude until April, 1848, when it had again in 
creased so as to surpass Canopus, and nearly equal Sinus 
in splendor In Jlay 1883 [as well as m the years 1866-88J, 
according- to Hr Abbott [Mid 3rr John Tehbutt. Jr] it 
was only of the 6th magnitude * Profe^or Iioomis consid 
• \ot coactn Aml. Soe. xxlr P 6. *xr p 193, Xjrik p 300 »uil p. 3o9. 
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crs It a3 penodical, the interval of the minima being about 
serentj years ' *‘A strange 0eM of speculation," it has 
been reraarlvcd, “is opened by this phenomenon The tem 
porary stars heretofore recorded have all become totally 
extinct Variable stars, so far as they bare been carefully 
attended to, hare exhibited pcnodical alternations, in some 
degree at least regular, of splendor and comparative obscur 
ity But here ire have a star fitfully vanablo to an os 
tonishing extent, and whoso fiDCinations are spread over 
centuries, apparently in no settled period, and with no regu 
lanty of progression What ongin can we ascribe to these 
sudden flashes and relapses? What conclusions atevre to 
draw as to the habitability of a system depending for ita 
supply of light and heat on so uncertain a source ?' Spcca 
latious of this kind can hardly be termed visionary, when 
we consider that, from what has before been said, we are 
compelled to admit a community of nature between the 
fixed stars and our own sou, and reflect that geology test! 
fies to the fact of extensive changes having taken place at 
epochs of the most remote antiquity m the climate and tem 
peraturc of our globe difficult to reconcile with the operation 
of secondary causes such as a different distribution of sea 
and land but which would find an easy and natural ex 
planation in a slow vanatioo of the supply of light and beat 
afforded the son itself 

(831) The Chinese annals of Ma touan lin * in which 
stand offieially recorded, though rudely, remarkable ootro 
nomical phenomena, supply a long li<»t of strange stars,’ 
among which, though the grenter part ore evidently comets, 
some may be recognized as belonging in all probability to 
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the class of .Sterj as abov e characterized Such 

IS that which is recorded to have appeared in A D 17S, be 
tween o and /S Ceniaurtf which (no doubt, scintillating from 
its low situation) exhibited "the five colors,” and remained 
risible from December in that year till July in the next. 
And another which these annals assign to A D 1011, and 
which would seem to be identical with a star elsewhere 
referred to A D 1012, "which was of extraordinary bnl 
Inncy, and remained visible in the southern part of the 
heavens during three months,”* a situation agreeing with 
the Chinese record, which places it low in Sagittarius 
Among several less unequivocal is one referred to B C 
134, in Scorpio, which may possibly hove been Hippar 
chus’s star (Lastly, on May 12, 1666, a star of the second 
magnitude was unexpectedly noticed by Mr Birmingham 
(at Tuam) near * Coron© It diminished rapidly, having 
been seen by Mr Huggins on May 16, 16, 37, 18, 19, 20 
respectively as 8 6, 4 2, 4 9, 6 3, 6 7, and 6 2m After 
dwindling to 10m it again recovered so far as to have 
been seen on October 5 by M Schmidt as 7m Its place 
for 1866 was B A 16^ 64", N P D 68® 42 Its spectrum 
was twofold, exhibiting both positive and negative lines, in 
dicating at oaoe the presence of flnnje and absoiptive vapors J 
(832) On ft careful re examioatjon of the heavens, and 
a companson of catalogues many stars are now found to be 
missing, and although there is no doubt that these losses 
have arisen m the great majority of instances from mistaLen 
entries, and in some from planets having been mistaken for 
stars, yet in some it is equally certain that there is no mis 


* Hmd. ^o«c« of tho jlstnjoomfcial Sodolj-, nl 2SS dtiag ITepidanBia. 
Do places the Cl Incse star of 113 X.D between « and P Camt Minori) but 
M B ot d sUncdp Days « P oritnttU dtt Ccntaure, 



OXJTUhTS OF ASTRO'^O^nr 745 

take iQ the obserration or entry, and that the star has really 
been obserred, and as really has disappeared from the 
heavens The whole snbject of variable stars la a branch 
of practical astronomy which has been too little followed 
np, and it is precisely that m which amateurs of the science, 
and especially loyagers at eca, provided with only good 
eyes, or moderate instraments, might employ their time to 
excellent advantage Catalogues of the comparative bright 
ness of the stars in each constellation have been constructed 
by Sir TV^m Ilcrscbel, with the express object of facilitat 
mg these researches, and the reader will find them, and a 
full account of hia method of companaon, m the Phil Trans 
1796 and snbscqaent years 

(833 ) 170 come now to a class of pbenomena of quite a 
diSerent character, and which give us a real and positiie 
insight into the nature of at least some among the stars, and 
enable os unhesitatingly to declare them subject to the same 
dynamical laws, and obedient to the same power of gravita 
tion, which governs our own system Many of the stars, 
when examined with telescopes, are found to be double, t e 
to consist of two (id some cases three or more) individuals 
placed near together This might be attribnted to ncciden 
Ul proximity, did it occur only in a few instances, bat the 
frequency of this companionship the extreme closeness, 
and, in many cases, the near equality of the stars so con 
joined, would alone lead to a strong suspicion of a more 
near and intimate relation than mere casual juxtaposition 
The bnght star Castor, for example, when much magnified, 
13 found to consist of two stais of nearly the third magni 
tude, within 6' of each other Stars of this magnitude, 
"however, are not so common in the heavens as to render it 
otherwise than excessively improbable that, if scattered at 



OUTLINES OF 4STR0N0mY 

random, they would fall so near But this improbability 
becomes immensely increased by a consideration of the fact, 
that this 18 only one out of a great many similar instances. 
Michell, in 1767, applying the rules for the calculation of 
probabilities to the case of the six brightest stars in the 
group called the Pleiades, found the odds to bo BOOOOO to 1 
against their proximity beii^ the mere result of a random 
scattering of 1600 stars (which he supposed to be the total 
number of stars of that magnitude in the celestial sphere'") 
over the heavens Speculating further on this, as an indi* 
cation of physical connection rather than fortuitous assem- 
blage, he was led to surmise the possibility (since converted 
into a certainty, but at that time, antecedent to any observa- 
tion) of the existence of compound stars revolving about one 
another, or rather about their common centre of gravity. 
K Struve, pursuing the same tram of thought as applied 
specially to the cases of double and triple combinations of 
stars, and grounding his computations on a more perfect 
enumeration of the stars visible down to the 7th magnitude, 
in the part of the heavens visible at Borpat, calculates that 
the odds are 126 to 1 against any two stars, from the Ist to 
the 7th magnitude inclusive, out of the whole possible num- 
ber of binary combinations then visible, falling (if fortui- 
tously scattered) within 4*’ of each other Now the number 
of instances of such binary combinations actually observed 
at the date of this calculation was already PI, and many 
more have since been added to the list Again, he calcu 
latea that the odds against any such stars fortuitously scat 
tered, falling withm 82' of a third, so as to constitute a 


** This nomber Is conaiderablr too aniaU ud In conseqaeaco Uicliell s odds 
m this c*s9 materially’ oremtod But onoosli will remain if this bo reetlUed, 
full^ to bear ont bis argument. lUiQ Aaas Tol 
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triple star, is not Jess than 4&40 to 1 Kow, four snch com 
binatioQs occur m the beaTens, viz. Ononis, ^ Ononis, 11 
Kooocerotis, find C Caocn The conclusion of & physical 
connection of some kind or other is thcreforo unavoidable 
(834 ) Presumptive evidence of another kind is famished 
by the foUovnng considctntion Both e Centann and 61 
Cygm are “Bonble Stars " Both consist of two indmdu 
a\s, nearly equal, and separated from each other by an in 
terval o! about a quarter of a roinutc In the case of 61 
Cygni, the stars exceeding the 7th magnitade, there la 
already a prtma /aete probability of 6 to 1 against tbeir 
apparent proximity The two stars of a Centann arc both 
at least of the 2d magnitade, of tihicb altogether not more 
than aboQt 60 or 60 exist in the whole heavens But, watv 
ing this coDSicIemtion, both these stars as we have already 
seen have a proper motion so considerable that sQpposmg 
the eonstitucat individuals unconnected, one would speedily 
leave the other behind Vet at the earliest dates at which 
they were reapecuvely observed these stars were not per 
ceived to be double aud it is only to the employment of 
telescopes magnifying at least 8 or 10 times, that we owe the 
knowledge we now possess of tbeir being so Witb snch a 
telescope Lacaill© in 1751 was barely able to perceive the 
separation of the two constituents of a Centaun whereas, 
had one of them only been affected with the observed proper 
motion, they should then have been 6 osonder In these 
coses then some physical connection may be regarded as 
proved by this fact alone 

(835) Sir William Herscbel has enumerated upward of 
BOO double stars of which the individuals ore less than 32* 
asunder M Struve, prosecuting the inquiry with instni 
ments more conveniently mounted for the purpose, and 
Abtrosout— V d SX— 13 
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wrought to an astonishing pitch of optical perfection, has 
added more than five times that number And other ob 
servers have extended still further the catalogue of “Double 
Stars,” without exhausting the fertility of the heavens 
Among these are a great many in which the distance be 
tween the component individuals does not exceed a single 
second They are divided into classes by II Struve (the 
first living authority in this department of astronomy), ac 
cording to the proximity of their oomponent zndividnals 
The first class comprises those only in which the distance 
does not exceed 1' , the 2d those in which it exceeds 1' but 
falls short of 2', the 8d class extends from 2' to 4' distance, 
the 4th from 4' to 8*, the 6th from 8’ to 12', the 6tb from 
12' to Id', the rth from Id' to 24', and the 8th from 24' to 
82' Each class he again subdivides into two sub classes of 
which the one under the appellation of eortfpicuoits double 
stars {Duphces luetdcs) comprehends those in which both in 
dividuaU exceed the 8| magnitude, that is to say, aresepa 
ratdy bright enough to be easily seen in any moderately 
good telescope All others, m which one or both the con 
Btituents are below this limit of easy visibility, aro collected 
into another sub class, which he terms rwiduory {Duphea 
rehqua) This arrangement is so far convenient, that after 
a httle practice in the use of telescopes as applied to such 
objects, it 13 easy to judge what optical power will probably 
euifice to resolve a star of any proposed class and either sub 
class, or wonld at least bo so it the second or residuary sub 
class were farther subdivided by placing in a third sub class 
“delicate” dooWe stars, or those id which the companion 
star IS 80 very minute as to require a high degree of optical 
power to perceive it, of which instances will presently bo 
given 
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(836 ) The following may be taken ad specimens of each 
class They are all taken from among the Incid, or con< 
spicaous stars, and to such of our readers as may be in poa> 
sessiQU of telescopes, and may be disposed to try them on 
such objects, will afford a ready test of their degree of 
efRciency 

CI.AS3 l, 0" TO 1" 

yOoroDisBar Oorone y OpbJuehl Atlas PlelmdoiD. 

V CentMTl. q HeroiUa A Oncocls 4 AquarU. 

y LvpL A CaulopeUe A Urue Uajoria 6 AqaariL 

« Arietta A OpUucbl X AquUe 12 Ooms 

(Ilercalla. « laipf oLconla SSAnetla. 

Y > ADdrom«d«. A Cyfot A Aixlromeds. M Plaelam 

Class IL, 1" lo V 

yCitClaL ( Sootls t UniBlIaloria. S Cameiopanli, 

I CygrU. I Cualopelas. v AqnJte S3 Ononla. 

« Cbameleoatia • 2 Caawl « (A>r«o« Bor S3 Orionla 

Class UL, 3" to 4' 

• pMCtusL y Vlrrala* i Aquaril k DraecAlt 

Bydra t Serpeatia- { C^ionls. m Caol* 

y C^i 4 Bootia. » leo«!». » neicnSia 

T Leonla * Dracoal*. t Trtacgull a Caaalopeia 

y OoracM An*. 4 Ilyilne. • leporls. U Boot!* 

Class IV , 4" to 8 

« Cmcis. * Fboenlela f Cepbel ^ EridaoJ 

• BercnllA. « Cephel w Bootl*. 70 Opbluehi. ^ 

« Oemlncrum. A Ortonla. * CbpriooraL 1* £r danL 

I Oemlnonim u CygoL v Argus. C ErldsoL 

{ Oorouse Bor S Bwtls. m Aorige OS Becculia 

Class V 9 to 12 

fi Orionis ( Aotllv t Orionls 

y Arietl* y OnssWpeis t Eridacl. 

y DelphloL * Brldvil S Canum Ven. 

Class VT 12 to IS 

> Oeotaarl. y TolaoUs. « Bootls. 

A Cepbel Y lAipl e UoDOcerotla. 

A SoorpU 4trru»H«Jc>r SI Cygnl 

Class VU. iff to 24'* 

• CsDnoiVea. tSerpeoUA 21 Com«. 

4 Kortnas m OoroM Ana. II Drseonla. 

{ tisciotn. X SI OpblacbL 

Class VOr M to r/*’ 


a ilerealla. 
A Dl A COO i l. 


I IlercuUa. 
sLcrne. 


* Cygoi 
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(837.) Among the moat remarkable triple, qaadraple, or 
multiple stars (for such also occur), may be enumerated, 

y Andromedff # Orioola. ( ScorplL 

« Lyne LupL U Moaaeerotlt 

It Cueii p Dcotif. IS LrseiM 

Of these, r Andromed©, ft Bootis, and m Lupi appear xn tele 
scopes, even ot considerable optical power, only as ordinary 
double stars, and it is only when excellent instruments 
are used that their smaller companions are subdivided sad 
found to be, m fact, extremely close double stars < Lyr© 
offers the remarkable combination of a double double star 
Viewed with a telescope of low power it appears as a coarse 
and easily divided double star, but on increasing the magnify- 
ing power, each individual is perceived to be beautifully 
and closely double, the one pair being about 2i% the other 



about 3' asunder Each o[ the atirs f Canon, $ Scorpu, 11 
ilonocerotis, and 12 IjyDCis consists of a pnncipal star, 
closely double, and a smaller and more distant attendant, 
while Orionvs presents the phenomenon of four brilliant 
pnncipal stars, of the respechve 4th, 6th, 7tb, and 8th mag 
mtudes, forming a trapezium, the longest diagonal of which 
13 21* 4, and accompanied by two excessively minute and 
very close companions (as in the above Sgaire), to per 
ceive both which is one of the severest tests vrhiob can be 
applied to a telescope 
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(838 ) Of the "delicalo” sab class of double stars, or 
those consisting of very large and conspicuous principal 
stars, accompanied by Tcry mmuto companions, the follow 


lug specimens may suffice 



«SC«icrt 

• PoUrU. 

1 Cntt 

> Sootl*. 

« SC^prlcornt. 

• SMirplI 

• CifvInL 

4 vuritti*. 

• lodL 

t Iquuil, 

« Omiiioruii] 

X ErkUnL 


^ njdrk 


1« 


(839) To the amateur of astronomy the doable stars 
offer a subject o! very pleasing interest, as tests of tbo 
pTformance of his telescopes, and by reason of the finely 
contrasted colors which many of them exhibit, of which 
more hereafter But it is the high degree of physical in 
tcreat which attaches to them which assigns them a con 
spicuous place in modem astronomy, and justifies the 
minute atteution and unwearied diligence bestowed on 
the measuremeut of their angles of position and distances, 
aud the contmual enlargement of oar catalogues of them 
by the discovery of new ones It was ns we have seen, 
under an impression that such combinations if diligently 
observed might aSord a mcasnre of parallax through the 
penodieal variations it might be expected to prod nee in 
the relative situation of the small attendant star that Sir 
"W Herschel was induced (between the years 1779 and 1784) 
to form the first extensive catalogues of them under the 
scrutiny ol higher magnifying powers than had ever pre 
vionsly been applied to such purposes In the pursuit ol 
this object the end to which it was instituted as a means 
was necessanly laid aside for a time, until the accumulation 
of more abundant matenals should have afforded a choice of 
stars favorably circumstaoced for systematic observation 
Epochal measures however, of each star were secured, 
and on resuming the subject, his attention was altogether 
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diverted from the onginal object of the inquiry by phe* 
nomeDa of a very unexpected character, which at once 
engrossed his whole attention Instead of finding, as he 
expected, that annual fluctnation to and fro of one star of 
a doable star with respect to the other — that alternate annual 
increase and decrease of their distance and angle of position, 
which the parallax of the earth’s annual motion would pro 
duce — ho observed, in many instances, a regular progressive 
change, in some eases beanog chiefly on tbeir distance— 
in others on their position, and advancing steadily m one 
direction, so as clearly to indicate either a real motion of 
the stars themselves, or a general rectilinear motion of the 
sun and whole solar system, producing a parallax of a higher 
order than would arise from the earth’s orbitsal motion, sod 
which might be called systematic parallax 

(840 ) Supposing the two stars, and also the sun, lu mo 
tion independeotly of each other, it is clear that for the 
interval of several years, these motions must be regarded 
as rectilinear and uniform Hence, a veiy slight acquaint 
ance with geometry will suiGce to show that the apparent 
motion of one star of a double star, referred to the other as 
a centre, and mapped down, as it were, on a plane in which 
that other shall bo taken for a fixed or zero point, can bo 
no other than a right line This, at least, must bo the ease 
if the stars bo independent of each other, but it will be 
otherwise if they have a physical connection such as, for 
instance, real proximity and mutual gravitation would 
establish In that case they would describe orbits round 
each other, and round their common conire of gravity, ami 
tka sppsreai path 4»I Adiic.'v iJ> ihr* cih^r 

as fixed instead of being a portion of a straight line, would 
be bent into a curve concave toward that other The ob 
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Berved motions, however, were so slow, that many years’ 
observation was required to ascertain this point; and it was 
not, therefore, until the year 1803, twenty-five years from 
the commencement o! tho inquiry, that anything like a posi- 
tive conclusion could he come to respecting tho rectilinear 
or orbitoal character of tho obsen'ed changes of position. 

(811.) In that, and the aobsequent year, it was distinctly 
announced by him, in two papers, which wiU be found in 
tho Transactions of the Royal Society for those years,” that 
there exist Bidereal systems, composed o! two stars revolv- 
ing aboQt each other in regular orbits, and constituting 
what maybe termed imary stars, to distinguish them from 
double stars generally so called, in which these physically 
connected stars are confounded, perhaps, with others only 
cptieaUy double, or casually juxtaposed in the heavens at 
different distances Crom the eye; whereas the individuals 
of a binary star are, of course, equidistant from the eye, 
or, at least, cannot diSer more in distance than the semi- 
diameter of the orbit they describe about each other, which 
is quite insigniheant compared with tho immeose distance 
between them and the earth. Between fifty and eixty in- 
stances of changes, to a greater or less amount, in the angles 
of position of double stars, are adduced m the memoirs 
above mentioned; many of which are too decided, and too 
regularly progressive, to allow of their nature being mis- 
conceived. In particnlar, among the more conspicuous stars 
— Castor, r Virginis, f Urs», TO Ophiuchi, «r and i? Ooronm, 
f Bootis, 1 ] Cassiopeiffi, r Leonis, ? Herculis, H Cygni, u 
Bootis, « 4 and c 5 Ljreo, i Ophiuchi, n Braconis, and 
C Aquarii, are enumerated as among the most remarkable 

” The kOBOUBceiDeiit vu Id taci Bude Id 1803, bat tiaMcomp»Bled the 
obserraoeDs estebllslu^ the teC 
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instances of the observed motion, and to some of them even 
periodio times of revolution are assigned, approximatne 
only, of course, and rather to be regarded as rough guess^ 
than as results o! any exact calculation, for which the data 
were at the time quite inadequate For instance, the revo 
Intion of Castor is set down at 334 years, thot of Yirginia 
at 708, and that of Leoms at 1200 years 

(&42 ) Subsequent observation has fully confirmed these 
results Of all the stars above named, there is not one 
which IS not found to be fully entitled to be r^arded as 
binary, and, in fact, this list comprises nearly all the most 
considerable visible in our latitudes which have yet been 
detected, though (as attention has been closely drawn to 
the subject, and cbservatioas have muUiphed) it has, ol 
late, received large aoceseions Upward of a hundred double 
stars, certainly known to possess this character, were enu 
merated by M Madler in I&ll,'* and more ore emerging 
into notice with every fresh mass of observations which 
come before the public They require excellent telescopes 
for their effective observation, being for the most part so 
close as to necessitate the use of very high magniflers (such 
as would bo considered extremely powerful microscopes if 
employed to examine objects wilbin oar reach), to perceive 
an interval between the individuals which compose them 
(843 ) It may easily be supposed, that pbenoznena of this 
kind would not pass without attempts to connect tbcm with 
dynamical theories From their first discovery, they were 
naturally referred to the agenoy of some power, like that 
of gravitation, connecting the stars thus demonstrated to 
be m a state of circulation about each other, and tbo ox 
tension of the Newtonian law of gravitation to these rorooto 
** DotpM ObeorrkUoDi Vol. U* 1810 ud ISll 
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systems was a step so obvious, and so well warranted by 
oar expericDco oC its atbsuGIclect agency in our own, as to 
bavo been expressly or tacitly made by every one wUo 
has given the subject any sbaro of bis attention. ^Ve owe, 
bowever, tbe first distinct system of calculation, by which 
the elliptic cleraenta of the orbit of .a binary star could be 
deduced from observations of its angle of position and 
distance at diCcronl epochs, to il. Savary, who showed,*’ 
that the motions of ono of the most rcmarkablo among 
them (? Ursm) wero explicable, within the limits allowable 
for error o! observation, on the supposition of an elliptic 
orbit described in the short period of 631 years. A different 
process of computation conducted Professor Encke'* to an 
elliptic orbit for 70 Opbiucht, described in a period of 
seveotydour years. M. Mbdlcr has especially signalized 
himself in this lino o! tnqniry (see Table) Several orbits 
have also been calculated by Mr. Hind, Admiral Smyth, 
Mr. Jacob, Mr. Powell, M. VjUarceau, Professors ^innecko 
and Klinkerfucs; and the author of these pages bos himself 
attempted to contribute bis mtto to these interesting invesU. 
gations.'* Tbe following may be elated as tbe chief results 
which have been obtained in this branch of astronomy:'* 


Coooolu. Teape, 1839 ** Berlia £phen) 1832 

** Uetn. !l A<t. Soe vols. r ud xrlil 

i* Tbe **p(»iboa of tbe node” io col 4 expressed the sogla of position (see 
ftrt 204) of the lino of tntereectton of the pUoe of the otbrit, with the pUoe of 
tbe beevens on which it is seen projected Tbe “loclinetion" lo coL 6 Is ibe 
IndiosUoa of these two 'f^nes to one Mother CoU S shows tbe ssgle setasUr 
included <n Iht plane oj (be orM, between ibe line of nodes fdedned u sTwre) 
end the line of spsidee. The eleoenU ssslgned lo Ibis ubio to » Xoools, 
( Bootis and Gsstor innst be considered es Tsr 7 doubtful ^mo eaoee of per. 
torbsUon has been saspeeted to exbi faa the moTeineDU of p Opbiuehl Ur. 
Jacob comparing some old (and no donbt Terjr nde) obserratloos bp Ilicbaud 
end FeutlI4, in 1690 sod 1109, drsws a almUsr codcIosIod in tbe case of the ejs. 
tomofa Centanri. ComponDg the moretnodem(sod ontj reliableobserTsiiona), 
bowerer, this opinion seems fasr^T entitled to the confidence with which ho 
insists on it. A ear;- few rears’ sddicloasl obserrstlon will decide the question. 
This tnagnlflcent double Star well merits the most careful and dihgent atteation 
of sstronomers. 
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.(844 ) Of Ibe slarfl in tbo aboTo hst, that which has been 
moat asaidaoasij watched, and has oSerc<l phenomena of 
the greatest interest, is r Tirgmis It is a star of the vulgar 
8d magnitude (8 08=Photom 8 494), and its component 
individuals are very nearly equal, and os it would seem in 
some slight degree variable, since, according to the obser- 
vations of M. Strove, the one is alternately a httlc greater 
and a little less than the other, and occasionally exactly 
equal to it. It has been known to consist of two stars since 
the beginning of the eighteenth century; the distance being 
then between bix and eeven seconds, so that any tolerably 
good telescope would resolve it When observed by Her- 
sohel in 1760, it was 6* 66, and continued to decrease grad 
■oally and regularly till at length, in 1886, the two stars had 
approached so closely as to appear perfectly round and 
single under the highest magnifying power which could 
be applied to most excellent instruments — the great re 
Iractorat Pulkova alone, with a magnifying power of 1000, 
coutiDUing to indicate by tbe wedge-shaped form of the 
disk of the star its composite nature By estimating the 
ratio of its length to its breadth and measuring the ionaer, 
H Struve concludes that, at this epoch (1636 41), tbe dis- 
tance of the two stars, centre from centre, might be stated 
at 0' 22 From that time tbe star again opened, and is now 
again a perfectly easily separable star This very remark- 
able diminution and subsequent increase of distance has 
been accompanied by a corresponding and equally remark- 
able increase and subsequent dimiDutioo of relative angular 
motion Thus, m the year 1783 the apparent angular mo 
tion hardly amounted to half a degree per annum, while 
vn baA 6* , to to 2.0* , to kSSS to 40® , 

and about the middle of 1836 to upward of 70* per annum, 


758 


0VTU\F3 OF ASTnO\Om'' 


or at tbc mto of *\ degree m fi>o day*? This la in entire 
conformit) with the principles of dynamics, which esJablish 
ft necessary connection botftceo the angular velocity and the 
distanoo, as well in the apparent os lu the real orbit of one 
body roiolving about another under the influence of mntaal 
attraction, the former varying inversely as the sqnaro of the 
latter, in both orbits, whatoicr be the curve described and 
winterer the Jaw of the attractive force It fortunately 
happens that Bradley, in 1718, had noticed and recorded 
in the margin of one of his observation books, the apparent 
direction of the line of junction of the two stars as seen on 
the meridian in hia transit telescope, viz parallel to the 
line joining two conspicuous stars a and <» of the same con* 
steDation, as aeen bj the naked eye This note, rescued 
from oblivion b} the late Professor Pigaud, has proved 
of singular service in the verification of the elements 
above assigned to the orbit, xibich represent the whole 
series of recorded observations that date up to the end 
of 1846 (comprising an angular movement of nearly nine 
tenths of a complete circuit) both in angle and distance, 
with a degree of exactness fully equal to that of obstr 
vation tUelf No doubt can, therefore remain as to the 
prevalence in this remote sjstem of the Newtonian law of 
gravitation 

(845 ) The observations of f TTrsre Majons are equally 
well represented by M Hftdler’s elements (4 c of our table), 
thus fully justifying the assumption of the Newtonian law 
as that which regulates the motions of their binary systems. 
And even should it be the case, as M Mhdler appears to 
consider, that in one instance at least (that of p Ophinobi), 
deviations from elliptic motion too considerable to arise 
from mere error of observation, exist (a position we are by 
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no means prepared to grant”), we BhouIJ rather be disposed 
to look for the cause of suck deviations in perturbations 
anemg (as Bessel has suggested) from the largo or central 
star itself being actually a close and hitherto unrecognized 
double star than in any defect of generality m the New * 
toman law 

(&fG ) If tho great length of the periods of somo of these 
bodies bo remarkable, the shortness of those of others la 
hardly leas BO ; Ilcrcttlis has already completed two revo 
IntioDS since the epoch of its first diacovcry, exhibiting in 
Its coarse tho extraordinary spectacle of a sidereal occulta 
tion, tho small star having twice been hidden behind or be 
fore the large one ^ Coronfo, Z Canen, f TXrsm and a Cen 
taun have each performed more than one entire circmt, and 
70 Ophiucht and r Virginia have aceompliabed by far (be 
larger portion of one in aognlar motion If any doubt, 
therefore, could remain os to the reality of tbeir orbitoal 
motiona, or aoy idea of explaining them by mero parallactic 
changes, or by any other hypothesis than the agency of 
centripetal force, these facts must suilico for their complete 
dissipation We have the same evidence, indeed, of their 
rotations nbont each other, that we have of those of Uranus 
and Neptune about the sun, and the correspondence be 
tween their calculated and observed places in such veiy 
elongated ellipses, must be admitted to carry with it proof 


** p OphlucM Wong* io Uie dus «( Teiy neeqiisl eoaUe stara ilia loa^ 
tudea of the ind vidaala being 4 and T 8och stara preseot d CBculues in tba 
exact loeMnreiaeTil ol tbeir u^lea of poaltloo irUcli eren yet conlloue to em 
borrMa the ob^errer thoogh <^ng to btor Improrementc In the art of eseent 
log flach raeosuremeata thMr InSseDCe to oonfi&eid within moch ourrowor limits 
than In the earlier hlatorr of the aobject. b slmplr placing a floe alnglo wire 
parallel to the line of Junction of two soch stars it is easllj possible to commit 
aa.ar«w of. *1? or. 4? B:^ UtnnL hnijsjwi. twa ijnrallel. thick, wires, sneh. 

errors are In great measara obrlated. pita elements b/ Sebnr In our table 
arL S49 represent with the exactness of ebserraton ftself the whole seriea 
of poalOona and dlstaneea obeorred from IVTS to 1866 j 
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of the prevalence of the ITewtonian law of gravitj m ihejr 
eystems, of the very same nature and cogency as that of the 
caloalated and observed places of comets round the ceotral 
body of our own 

(847) But It 18 not with the revolutions of bodies of a 
planeta^ or cometary nature round a solar centre that we 
are now concerned, it is with that of sun round sun— each, 
perhaps, at least in some binaiy systems where the individu 
als are very remote and their period of revolution very long, 
accompanied with its tram of planets and ihnr satellites, 
closely shrouded from our new by the splendor of their re 
spective suns and crowded into a space bearing hardly a 
greater proportion to the enormous interval which separates 
tlitn, than the distances of the satellites of our planets from 
their pnmanes bear to tbetr distances from the san itself 
A less distinctly characterized subordination would be lu 
compatible with the stability of their systems, and with the 
planetary nature of their orbits Unless closely nestled 
under the protecting wing of their immediate superior, the 
sweep of their other sun id its porihelion passage round their 
own might carry them off, or whirl them into orbits utterly 
incompatible with the conditions necessary for the existence 
of tbeir inhabitants It must bo confessed, that wo have 
here a strangely wide and novel field for Bpcculativo oxcur 
sions, and one whicb it is uot easy to avoid luxunatiog in 

(848 ) The discovery of the parallaxes of a Cenlauri and 
01 Cygni, both which are above enumerated among the 
“conspicuous” double stars of the 6ih class (a distinction 
fully merited in the case of the former by the bnlhanoy of 
both ila constituents) enable* us to speak with an approach 
to certainty ns to the absolute dimensions of both their 
orbits, and thcuco to form ft probable opinion ns to the 
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general scale on whicli these astonishing systems arc con* ** 
Btmcted. The distance ol the two stars of 61 Cygni enb- 
tends at the earth an angle which, since the earliest micro* 
metrical measures in 1781, has varied hardly 1' either way 
from a mean value 16*’5. On the other hand, the angle of 
position has altered since tUo same epoch by nearly C0% so 
that it would appear probable that the true form of the orbit 
is not far from circular, its situation at right angles to the 
visual hue, and its periodic time probably not short of 600 
years. Now, as the ascertained parallax of this star is 
0''348, which is, therefore, the angle the radios of the 
earth's orbit would subtend if equally remote, it follows 
that the mean distance between the stars is to that radius, 
as 16''6 : 0*-S48, or as 47*41 : 1. The orbit described by 
these two stars about each other undoubtedly, therefore, 
greatly exceeds in dimensions that described by Neptune 
about the sun. Moreover, supposing the period to be five 
centuries (and the distance being actually on the increase, 
it can hardly be less) the general propositions laid down by 
Newton,” taken in conjunction with Kepler’s third law, en* 
able us to calculate the sum of the mosses of the two stars, 
which, on these data, we find to be 0 35S, the moss of onr 
sun being 1. The sun, therefore, is neither vastly greater 
nor vastly less than the stars composing 61 Gygni. 

164^.) The data in the case o! « Oentaun are more nneer* 
tain. Since the year 1822, the distance has been steadily 
aud pretty rapidly decreasing at an average rate of about 
half a second per annum, and that with little change till 
lately in the angle of position.” Hence, it follows evidently 


• PriQcSpte, V 1 ProT* 61, 68, 68 

** In (ha 10 jean between lecuUe’e obecrratlons end 1623, there exleta no 
recOTd ot najrobeerred isglo ol paeidao. 
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that the plane of ita orbit passes nearly through the earth, 
and (the distance about the middle of 1834 hating been 11,') 
it 13 very probable that cither an occultation, like that oh 
served m C Herculis, or a close appulse of the two stars, will 
take place about the year 185& As the observations wo 
possess aSord no sufficieat grounds for a satisfactory calcu 
latioD of elliptic elements we must be content to assume 
■what, at all events, they fully justify, viz that the major 
ficniiaxis roust exceed 12*, and is very probably consider 
ably greater JTow this with a parallax of 0' 913 would give 
for the real value of the semiaxis 13 16 radii of the earth’s 
orbit, as a mmimnm The real dimensions of their ellipse, 
therefore, cannot be so small ns the orbit of Saturn in all 
probability exceed that of CTranus, and rosy possibly be 
much greater than either 

(850 ) The parallel between these two doable stars is a 
remarkable one Owing no doubt to their comparative prox 
imity to oar system, their apparent proper motions are both 
unusually great, and for the same reason probably rather 
than owing to unusually large dimensions, tbeir orbits ap 
pear to us under what, for binary double stars, we must call 
unusually large angles Sach consists, moreover, of stars 
not very unequal in brightness, and in each both the stars 
are of a high yellow approaching to orange color, the smaller 
individual, in each case being also of a deeper tint What 
ever the diversity, therefore, which may obtain among other 
sidereal objects, these would appear to belong to the same 
family or genus ** 

** B m Ur comb nat oni ftre rerj numcroua. M&sr r«mftrk»blo bstsneos 
occur among tbe double aiara cataiogned by tfau author m the Z<1 3d dth fich 
and StJj TOlumos ot Trans Boy Ast Boc and u Cob volume olSoulbern olj er 
vat ona alreadr cited. See Kos 1S1 315 1066 1907 ^OdO 2U6 -3214 2T13 
3853 3936 3998 4000 4065 4196 4310 4016 4649 4766 6003 6012 of 
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(651 ) Manj ol the doable stars exhibit the cnnoos 'ind 
beautiful phenomenoa of eonlrasied or complementary col 
or» ** In such instances, the Iwger star is usually of a 
ruddy or orange hue, while the smaller one appears blue 
or green, probably in yirtue of that general law of optics, 
which provides, that when the retina is under the influence 
of excitement by any bright, colored light, feebler lights, 
which seen alone wonld produce no sensation but of white 
ness, shall for the time appear colored with the tint comple 
mentary to that of the brighter Thus a yellow color pre 
dominating in the light of the brighter star, that of the less 
bright one in the same field of view will appear bine, while, 
if the tint of the bnghter star verge to crimson, that of the 
other will exhibit a tendency to green — or even appear as a 
vivid green under {avocable circumstances The former 
contrast is beantifully exhibited by < Canon— the latter by 
r Andromedte," both fine doable stars If, however, the 
colored star be much the less bright of the two, it will not 
matenally affect the other Thus, for instance, 17 Cassiopeiss 
exhibits the beautiful combination of a large white star and 
a small one of a nch ruddy purple It is by no means how 
ever, intended to say that in all such cases one of the colors 
is a mere effect of contrast and it may be easier suggested 
10 words, than conceived in imagination what variety of 
dlumiuation tiro suns — red and a green, or a yellow and a 

tbeee catalogues. The floe floaty star B A O No iSSS bu lie cooatituo&ts 
16 apart the one 6m. yelloir the other Ira orange 
•* — — other euo* perhape 

With the r attendant nooDa Uiou wUt deacry 
Oommumcetlng male end female I gbt 

C ich Wro great eexea aalmato the world) 

id in each orh perbspe With tome that 1 re. 

—Parodtte Lott rUL 148 

** VhA.amall.atait'd’.x Bftth.Ua. ljutTiAita 2 a.vn, 

green a a mifer combina&on with ereo more decided colon in presented 
the double star h. B81 
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l>}uo ono— must afford a planet circulating about either; and 
TTbat charming contrasts and “gralctul vicissitudes”— a red 
and a green day, for instance, alternating with a while one 
and with darkness — might arise from the presence or ab- 
sence of one or other, or both, above the horizon. Insu- 
lated stars of a red color, almost as deep as that of blood,** 
occur in many parts of the heavens, but no green or blue star 
(of any decided hue) has, we behove, ever been noticed un- 
associated with a companion brighter than itself. Jfany of 
the red stars are variable. 

(852.) Another very interesting subject of inquiry, in 
tbo physical history of the stars, is their proper motion. It 
was first noticed by Halley, that three principal stars, Sinus, 
Arcturas, and Aldebaraa, are placed by PtoJemy, on the 
strength of observations made by Hipparchus, 180 years 
B 0., in latitudes respoctivoly 20', 22', and 83' more norths 
erly than be actually found them in 1717.** Making due 
allowance for the diminution of obliquity of the ecliptic m 
the interval (1847 years) they ought to have stood. If really 
fixed, respectively 10’, 14', and O' more southerly As the 
ciroumstancee of the statement exclude the supposition of 
error of trauacription in tbo MSS , we are necessitated to 


*' The loUowlas are the U uc«ORlooa »nd K P diataQCM for 1830, of tome 
of tht mOBt i*m«rh»hl« ol Ui*t« Mogoino or ruby tUrt 


E A. H P. D 
h, m e. 


B. A. M P D 

4 40 » 61 46 31 
4 61 61 106 2 4 
6 36 26 136 32 16 
0 27 SB 1B2 2 48 
9-48 31 130 4T 12 


10 63 le lot 24 40 
13 3t 31 14S 46 42 

16 ZB 44 tS2 Z 0 

20 7 8 ill SO 11 

21 16 36 48 22 40 


E A. N P B 

h. m a « I " 

21 37 18 31 69 42 

21 32 20 62 64 47 

'21 16 3T 43 8 12 


Of these No 6 (la order of nght ueension^ is is the ssme field of tyow srith 
■ Ryfim St Cratens, and No 7, wit3t fi Omait. No 2 (la tho Msie ord«r) ia 
Ttnsbis 

Phil Trans 1217, toL xxx. fcA 236 
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admit a southward motion m laUtndo m these stars to the 
Terj considerable extent, respectively, of 07, 42, and 83, 
and this is corroborated by an observation of Aldebaran at 
Athens, in the year A D C09, vrhich star, on the 11th of 
March in that year, was seen immediately after its emer 
gence from occaltation by tbo moon, in such a position as it 
conld not have had if the occnltation were not nearly cen 
tral Now, from the knowledge wo have of the lunar mo 
tions, this could not have been the case had Aldcbann at 
that time so much southern latitude tts at pre‘<cnt A priori. 
It might be expected that apparent motions of some kind or 
other should be detected among so great a multitude of indi 
vidnals scattered through space, and with nothing to keep 
them fixed Their mutual attractions even, however incon 
ccivably enfeebled by distance, and conntcractcd by oppos 
ing attractions from opposite quarters, must in tbo lapse of 
countless ages produce dome movements-^otne change of in 
tcrnal arrangemeau-rcsaltiog from tbo dilTcrence of the op 
posing actions And it is a fact that such apparent motions 
are really proved to exist by the exact obieri aiions of mod 
ern astronomy Thus, as we have seen, the two stars of 61 
Cygm have remained constantly at the same, or very nearly 
the same, distance of 16' for at least fifty years past at 
though they have shifted their local situation in the bear 
ens, in this interval ot time, through no less than 4 23 , the 
annual proper motion of each star being 6' S by which 
quantity (exceeding a third of their interval) this system is 
every year earned bodily along in some unknown pith by a 
motion which for many centuries must be regarded as nm 
form and rectilinear Among stars not double, and no way 
hiHering Irom flie rest in any ofher olivious particular, tTuen,"* 
•* D Arregt. AiW Nftchr 2«o. 618 Ai^elander Ho No 41 j 
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Qroomb 18S0, and fi Oaisiopciro aro to bo remarked as 
having the greatest proper motions of any yet ascer 
tamed, amounting rcapcotivcly to 7* 74, 7' 75 and 8' 74 ol 
annual displacement And a great many others have bean 
observed to bo thus constantly carried cvray from their 
places by smaller, but not less unequivocal motions '* 

(8^5 ) Motions whioh require whole centuries to accuma 
late before they prodneo changes of arrangement such as 
the naked eye can detect, though quite sufTicient to destroy 
that idea of mathematical fixity which precludes specula 
tion, aro yet too trifling, as far as practical applications go, 
to induce a change of language, and lead us to speak of the 
stars in common parlance as otherwise then fixed Small 
as they are however astronomers onco assured of their 
reality, have Qot been wanting m ottempts to explain and 
reduce them to general laws Ko one who reflects with dne 
attention on the subject will bo inclined to deny the higb 
probability nay certainty, that the sun as well as the stars 
must have a proper motion m some direction and the in 
evitable consequence of such a motion, d anparticipated by 
the rest must bo a slow apparent tendency of all the 

stars to the vanishing point of lines parallel to that direc 
tion and to the region which he is leaving however greatly 
individual stars might differ from sneb average by reason of 
their own peculiar proper motion This is the necessary 
effect of perspective and it is certain that it must be de 
tected by observation if we knew aconrately the apparent 
proper motions of all the stars and if we were sure that they 
were independent % e that the whole firmament or at least 


Tbs reader maj coosult a lul oS 314 eta a heTisg' or supposed to }:iave 
& proper mot oa ol not lesa than abont 0 5 o{ a great c rcle (per annum) by 
the late F Da ly Dsq TVans A»t 8oc v P IBS 
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all that part which we see in oar own neighborhood, were 
not drifting along together, by a general set as it wore, in 
one direction, the result of unknown processes and slow in- 
ternal changes going on in the sidereal stratum to which our 
system belongs, as we see motes sailing in a current o! air, 
and keeping nearly the same rolatire situation with respect 
to one another. 

(854.) It was on this assamption, tacitly made indeed, 
but necessarily implied in every step of his reasoning, that 
Sir ‘WilUnm Herschel, in 1783, on a consideration of the 
apparent proper motions of such stars as could at that period 
be conaideied as tolerably (though still imperfectly) ascer- 
tained, arrived at the conclusion that a relative motion of 
the sun, among the fixed stars in the direction of a point or 
parallactic apex, situated near i Herculis, that is to say, 
in E. A. 17* 22-S260* 34', N. P. D. 63* 48' (1790), would 
account for the chief observed apparent motions, leaving, 
however, some still outstanding and not explicable by this 
cause; and in the same year.Prevost, taking nearly the same 
view of the subject, arrived at a conclusion as to the solar 
apex (or point of the sphere toward which the sun relatively 
advances), agreeing nearly m polar distance with the fore- 
going, but differing from it about 27® in right aacenaiou. 
Since that time methods of calculation hare been improved 
and concinnated, our knowledge of the proper motions of 
the stars has been rendered more precise, and a greater num- 
ber of cases of such motions bare been recorded The sub- 
ject has been resumed by several eminent astronomers and 
mathematicians: nz 1st, by W.. Argelander, who, from the 
consideration of the proper motions of 21 stars exceeding 1' 
per -annum in arc, has placed the solar apex in B. A. 256° 
25', N. P. D. 51° 23'; from those of 60 stars between 0*6 
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and 1' 0, in 256® 10 , 61® 26 , and from those of 819 stars 
having motions between 0' 1 and 0' 6 per annum in 261® 11', 
69° 2 , 2dly, by M Luhndabl, whose calculations, founded 
on the proper motions of 147 stars, give 252® 63 , 76° 34 , 
and, Sdly, by if Otto Struve, whose result, 261° 22 , 62° 24 , 
emerges from a very elaborate discussion of the proper mo 
tioQs of 892 stars All these places are for A D 1790 
(855 ) The most probable mean of the results obtained 
by these three astronomers is (for the same epoch) E A = 
269° 9 N P D 65° 28 Their researches, however, ex 
tending only to stars visible in European observatones. 
It became a point of high interest to ascertain how far the 
stars of the southern hemisphere not so visible treated inde 
pendently on the same system of procedure, woold covroho 
rate or controvert their conclusion The observations of 
Laoaille at the Cape of Good Hope in 1752 nod 1752, 
compared with those of Mr Johnson at St Helena, in 
1829'88 and of Henderson at the Cape in 1830 and 1631, 
have afforded the means of deciding this question The 
task has been executed in a masterly manner by Mr Gal 
loway in a paper published in the Philosophical Transao 
tions for 1841 (to which we may also refer the reader for 
a more particular account of the history of the subject than 
our limits allow us to give) On comparing the records, 
Mr Galloway finds eighty one southern stars not employed 
in the previous investigations above referred to, whoso 
proper motions in the intervals elapsed appear consider 
able enough to assure us that they have not originated m 
error of the earlier observations Sabjecting these to the 
same process of computation ho concludes for the place 
of the solar apex for 1790 as follows viz R A 260° 

1 , K P D 66° 87 , a result so nearly identical with that 
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afforded by the northern hemisphere, as to afford a fall 
conviction o( its near approach to troth, and what may 
lairiy be considered a demonstration ol the physical caoso 
assigned. 

(856.) Of the mathematical conduct of this infjutry the 
natoro of this work prcclodes our giving any account; bat 
as the philosophical principle on which it is based has boeo 
misconceived, it is necessary to aay a few words in explana- 
tion of it. Almost all the greatest discoveries in astronomy 
have resulted from the consideration of what wo have else- 
where termed resiocal rnEKOMESA," of a quantitative or 
namcrical kind, that is to say, of snch portions of the 
nnmerical or quantitative resolts of observation ns remain 
ontstanding and anaccouoted for after sohducting and 
allowing for all that would resnlt from the strict applica- 
tion of known principles. It was thus that the grand dis- 
covery of the precession of the eqninoxes resulted ns a 
rcsidnal phenomenon, from the imperfect explanation of 
the return of the seasons by the return of the sun to the 
same apparent place among the fixed stars. Thus, also, 
aberration and nutation resulted as residual phenomena 
from that portion of the changes of the apparent places 
of the fixed stars which was left unaccounted for by pre- 
cession. And thus again the apparent proper motions of 
the stats ate the observed vesWues of thevt apparent move- 
ments outstanding and unaccounted for by strict calculation 
of the effects of precession, nutation, and aberration. The 
nearest approach which humaa theories can make to perfec- 
tion is to diminish this residue, this caput mortuum of obser- 
vation, as it may be considered, as much os practicable, 

" Diacoures oa the 8tndT ©I N*tar»I Phllotophj (1833). CoJ, Cydopetdia, 
ZTo. ii. 
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and, if possible, to reduce it to nothing, either by showing 
that something has been neglected in our estimation of 
known causes, or by reasoning npon it as a new fact, and 
on the principle of the mductiire philosophy ascending 
from the effect to its cause or causes On the snggestion 
of any new cause hitherto unresorted to for its explanation, 
our first object must of course be to decide whether such 
a cause would produce sucA a result tn hnd the next, to 
assign to it such an intensity as shall account for the 
greatest possible amount of the residual matter in hand 
The proper motion of the sun being suggested as such a 
cause, we have two things disposable — its direction and 
velocity, both which it is evident, if they ever become 
known to us at all, cau only be so by the consideration of 
the very phenomenon in question Our object, of course, 

IS to account, if possible, for the whoh of the observed 
proper motions by the proper assumption of these eiemeots 
If this be impracticable what remains unaccounted for is 
a residne of a more recondite kind, bat which, so long as 
it t$ unaccounted for, we must regard ns purely casual, 
seeing that, for anything we can perceive to the contrary, 
it might with eqnal probability be one way as the other 
The theory of chances, therefore, necessitates {as it does 
in all such cases) the application of a general mathematical 
process, known as “the method of least squares,” which 
leads, as a matter of strict geometrical conclusion, to the 
values of the elements sought, which, under all the ctrewm* 
stances, are the most probable 

(867 ) This la the process resorted to by all the geometers 
wo have enumerated in the foregoing articles (arts 854, 655). 

It gives not only the direction in space, but also the velocity 
of the solar motion, estimated on a scale conformable to that 
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in which the velocity of the sidcrenl motions to he explained 
are given, i e in seconds of aro as subtended at Iho average 
distance of the stars conocrned, by its annual motion m 
space But here a consideration occurs which tends maten 
all) to complicate the problem, and to introduce into its 
solution an clement depending on suppositions more or 
less arbitrary The distance of the stars being, except 
m two or three instances, nnknown, wo are compelled 
either to restrict our inquiry to t/iese, which are too few 
to ground any result on, or to make some supposition as 
to the relative distances of the several stars employed 
lu this we have nothing but general probability to guide 
Us, and two coorses only present themselves, either, 1st, 
To class the distances of the stars according to their mag 
nitndes or apparent brightnesses, and to institute separate 
and independent caloulatioos for each class, including stars 
assumed to be equidistant or nearly so or 2dly, To class 
them according to the observed amoant of their apparent 
proper motions, oa the presumption that those which appear 
to more fastest are really nearest to us The former is the 
course pursued by M Otto Strove the latter by M Ar 
gelander 'With regard to this latter principle of classihca 
tion however, two considerations interfere with its appli 
cability, nz 1st that we see the real motion of the stars 
foreshortened by the effect of perspective, and 2dly, that 
that portion of the total apparent proper motion which 
arises from the real motion of the sun depends, not simply 
on the absolute distance of the star from the sun, but also 
on its angular apparent distance from the solar apex, being, 
ecetens partbus as the sine of that angle To execute such 
a classification correctly, therefore we ought to know both 
these particulars for each star The first is evidently out 

ASTRONOIIT— Yol XX— 11 
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of our reach W e are, therefore, for that very reason, com 

pelled to regard it as casual, and to assume that on the 
average of a great number of stars it would be umn0uential 
on the result But the second cannot be so summarily dis 
posed of By the aid of an approximate knowledge of the 
solar apex, it is true, approximate values may be found of 
the simply apparent portions of the proper motions, sup 
posing all the stars equidistant, and these being subducted 
from the total observed motions, the residues might afford 
ground for the classification in question *' This, however, 
would be a long, and to a certain extent precarious system 
of procedure On the other hand, the classification by ap 
parent brightness is open to no such difficulties, since we 
are fully justified m assuming that, on a general average, 
the brighter stars are the nearer, and that the exceptions 
to this rule are casual in that sense of the word which it 
always bears in such inquiries, expressing solely our igno 
xaoce of any ground for assuming a bias one way or other 
on either side of a determinate numerical rule In Mr Gal 
oway’s discnssion of the southern stars the consideration 
of distance is waived altogether, which is equivalent to an 
admission of complete ignorance on this point, as veil 
as respecting the reil directions and \ elocitiea of the 
indmdnal motions 

(858 ) The velocity of the solar motion which results 
from M Otto Struve’s calculations is such as would carry 
It over an angular subtense of 0* 3392 if seen at right angles 
from the average distance of a star of the first magnitude 

** U. Arnelt&dar’s cIussm bowsrer m coottructed without rclorrnro to 
UiU coosldenitioa on tb» cole basis of the total apparent amount of proper 
notion and aro therefore pro (onto cpieabOBnble It is the mote aatlstectorr 
UicD to flad so conaldamhlo as agreomeat •non; bis partial lesulta u actuaUj 
Obtaina. 
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ir we take, with il. Struve, senior, the parallax of such 
a star as probahlj equal to 0''209,*' we shall at once bo 
enabled to compare this auoual motion with the radios 
of the earth’s orbit, the result being 1*623 of such units. 
The sun then advances through space (relatively, at least, 
among the stars), carrying with it the whole planetary and 
cometaty aystem with a velocity of 1*623 radii of the earth's 
orbit,” or 154,185,000 miles jwr annum, or 422,000 miles 
(that is to say, nearly its own semidiameter) per diem: in 
other words, with a velocity a very little greater than one- 
fourth of the earth’s annual motion in its orbit. 

(859.) Another generation of astronomers, perhaps many, 
must pass away before we arc in a condition to decide from 
a more precise and extensive knowledge of the proper mo- 
tions ol the stars than we at present possess, bow far the 
direction and velocity above assigned to the solar motion 
deviates from exactness, whether it continue uniform, and 
whether it show any sign of deflection from rectiHnearity; 
sc as to hold out a prospect of one day being enabled to 
trace out an arc of the solar orbit, and to indicate the direc- 
tion in which the preponderant gravitation of the sidereal 
firmament is urging the central body of our system. An 
analogy for such deviation fron uniformity would seem 
to present itself in the alleged existence of a similar devia- 
tion in the proper motions of Sirius and Procyon, both 
which stars are considered to have varied sensibly in this 
respect vnthin the limits of authentio and dependable ob- 
servation. Sneh, indeed, would appear to be the amount 
of evidence for this as a matter of /act as to have given rise 


" Btnd«« d’Aetr«ii«nle Btell«lre^ I*. lOT 

** Mr Mrj (Mem Mt. Boc. xxtui.) lO&Ves this Telocity material]/ greater. 
See Lowerer, ^ote L, 
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to a speculation on the probable circulation of these stars 
round opaque (and therefore invisible) bodies at no great 
distances from them respectively, in the manner of binary 
stars [and it has been recently shown by II Peters (Ast 
Nachr 748) that, in the case of Sinus, such a circulation, 
performed in a period of 60 093 years in an ellipse whose 
excentricity is 0 7994, the perihelion passage taking place 
at the epoch A D 1791 -131, would reconcile the observed 
anomalies, and reduce the residual motion to uniformity 
See ITote J ] 

(860 ) The whole of the reasoning upon which the de 
termination of the solar motion in space rests, is based 
upon the entire exclusion of any law either denved from 
observation or assumed in theory, affecting the amount sod 
direction of Che real motions both of the sun and stars 
It supposes an absolute non recognition, in those motions, 
of any general directive caose, such as for example, a 
common circulation of all about a common centre Any 
such limitation introduced into the conditions of the prob 
lem of the solar motion would alter tn toto both its nature 
and the form o' its solution Suppose for inatance that, 
conformably to the apcculatioos of several astronomers, 
the whole system of the Milky Way, including our sun, 
and the stars, oar more immediate neighbors, whtoh consti' 
tute our sidereal firmament, should have a general move 
meat of rotation m the plane of the galactic circle (any 
other would be exceedingly improbable, indeed hardly 
reconcilable with dynamical principles), being held to- 
gether in opposition to the centrifugal force thus generated 
by the matual gravitation of its constituent stars Kzcept 
we at the same time admitted that the scale on which this 
movement proceeds is so enormons that all the staia whoso 
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proper motions we include m oar calculations go together 
ID a body, so far as that moxcmciit is concerned (as forming 
too small an integrant portion of the whole to differ sensibly 
in their relation to ita central point), we stand preclnded 
from drawing any conclosion whatever, not only respecting 
the absolute motion of tho sun, but respecting even its rela 
tive mosement among those stars, until we ba\o established 
some law, or at all events framed some hj polUeais having 
the provisional force of a law, connecting the whole, or 
a part of the motion of each indundual with its situation 
in apace 

(861 ) Speculations of tins kind have not been wanting 
ID astronomy, and recently an attempt has been made by 

Madler to assign the local centre in space, round which 
the sun and stars revolve, which he places in the group of 
the Pleiades, a situation in itself utterly improbable, lying 
as It does no less than 26" ont of the plane of the galactic 
circle, out of which plane it is almost inconceivable that any 
general circulation can take place In the present defective 
state of our knowledge respecting the proper motion of the 
smaller stars, especially in right asoensioa (an element for 
the most part far less exactly ascertainable than the polar 
distance, or at least which has been hitherto far less accu 
rately ascertained), we cannot but regard all attempts of the 
kind as to a certain extent premature, though by no means 
to be discouraged as forerunners of something more deci 
sive The question, as a matter of fact, whether a rotation 
of the galaxy in its own plane exist or not might be at once 
resolved by the assiduous observation both in B A and 
polar distance of a considerable number of stars of tbe 
Milky "Way, judiciously selected for the purpose, and in 
eluding all magnitudes, down to the smallest distinctly idea* 



770 


0VTII\i:3 OF ASTLOSOStV 


tifi^blo, nn«l capnblp of boiog obiened with normal accu 
rnc^ nnd wo would rrcommond the inquin to the npoctal 
itlentjon of dircctorn of permnneot observatories provided 
With adequate luptrumcnlftl mentw, in both hemispheres 
Thirty or fort) jcnr« of observation pcrscvennglj directed 
to the object in mow, could not fail to sottlo the question ” 
(8G2 ) The solar motion through space, if real and not 
siinpl} relative, must give nao to uranograpbical corrections 
analogous to parallax and aberration Tiie solar or system 
atic parallax is no other than that part of the proper motion 
of each star which is simply apparent, arising from the sun’s 
motion, and until the distances of the stam be known, must 
remain incxlncably mixed up with the other or real portion 
The s^itcmatio aberration, amounting at its maximum (tor 
stirs 00* from tbo solar apex) to about 6', displaces all the 
stars in great circles diverging from that apex through an 
glcs proportional to the sines of thetr respective distances 
from It This displacement, however, is permanent, and 
therefore uncognizable bj aoj phenomenon so long as the 
solar motion remains invnnablc but should it m the course 
of ages, alter its direction and velocity, both the direction 
and amount of the displacement m question would alter with 
it The change, however, would become mixed up with 
other changes in the apparent proper motions of the stars, 
ond it would seem hopeless to attempt disentangling them 
(863 ) A singular, and at first sight paradoxical effect of 
the progressive movement of light combined with the 


An exftmiuUon ot Ibe proper motions of ths stsra of Uie B Assoc. Catal. 
la tho portion of tlio UBkf Wsj oosrest elthor pole (orbeen its mot on should 
be slmost wholly In R A ) fndicstes no dIstinoC t^mptom of such s rotsUon. It 
ths quAitloa bo taken op fuodsffleoUBx R iurolrs a rsdelermiaatloo from 
the recoiled proper moilons both Of tho precesston of the equinoxes and tho 
chsag* of obllquitT^ of tbs ecUpiia 




ouTLiyEs or ASTjioyoMV 


777 


proper motion of the stars, is, that it alters the apparent 
periodic time in which the mdmdnala of a binary star cir 
cniate about each other " To make this apparent, suppose 
them to circulate round each other in a plane perpendicular 
to the nsual ray in a period of 10,000 days Then if both 
the sun and the centre of gravity of the binary system re 
maiucd fixed in space, the relatiNe apparent situation of the 
stars would be exactly restored to its former state after the 
lapse of this interval, and if the angle of position were 0’ at 
first, after 10,000 days it would again be ao But now sop 
pose that the centre of gravity of the star were in the act of 
receding in a direct line from the son with a velocity of ooo 
tenth part of the radius of the earth’s orbit per rfiem Then 
at the expiration of 10 000 days it would be more remote 
from us by 1000 such radii, a space which light would re 
quite 6 7 days to traverse Although really, therefore the 
stars would have arrived at the position 0^ at the exact ex 
piration of 10,000 days it would require 6 7 days more for 
the notice of that fact to reach our system In other words, 
the period would appear to os to be 10 005 7 days, since wo 
could only conclude the period to be completed when to 
us as observers the ongiual angle of position was agsm ro 
stored A contrary motion would produce a contrary effect 


* AstroQoaiBche Ntebnehtoo Ko B20 bj the Author 
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OnAPTfcK XVII 

or OLDSTERS OF STARS AND NEBULA 

Oi Cluiterioff Groups ol Stars— globular Cluttcea — Tho r ScsblHty Dj^sml 
coU/ PMsiblo— Lid oi tkomost Bcnarkablo— Ciswi^catlon oihcbukB 
and Clusters— Tbclr IHstnbutloD ofor tho nesToos— Irro^lar Clusters 
— -BoaolYaWllty o{ Ncbulov— Theorj of iLo Fonnailon of Clusters by 
Kcbulous SubsMonco— Of Flllptic Nt-bubo— That of Andromeda — An 
nolar and PUneUry Kebutsv— Do ibte Nebola>— Vebuto a Stars — C oq 
D ocdon of Ncbuln wtih Double Stars— losulated Kcbube of Forma 
Dot R’hoUy Irrep lar— Of Amorpl ous Nebut*— The r law of Dstrf 
butloa Uarka tbooi as Outlier* of the Galaxy— Nebubs and Xebulous 
Group of Or 00 — 01 Aijo— Of Satrlitsrlus— Of Cy/rou*— The Majel 
lanlc Cloud*— Singular Nebula In tbo Greater of Them— Vansbt* 
Kobubts-Tbe Zodaeat Light— ShooUsg Stars— SpeeuUtlons oa the 
Dyoam cal Origin of the Sun a Dent 

(864 ) When we cast oor eyes over tbe concavo of the 
faeavcQS in a cle<ir nigbt wo do aot foil to observe that here 
and tboro are groups of stars which seem to bo compressed 
togeiber in n more condensed manner than id the neighbor 
mg parts, forming bright patches and clusters, which attract 
attention, as if they were there brought together by some 
general cause other than basual distribution There is a 
group called the Pleiades, jn which six or seven stars may 
benoticed if the eye bedirected foil upon it andmanymore 
if the eye be turned carelessly aside while (ks attention is i.ept 
directed upon tho group Telescopes show fifty or sixty 

le U a Tery retaarbable fact thai the ceatre of tbe v sual area la far leas 
ecus ble to feeble iiopreaa ons of 1 ght tt an the extenor portions of the ret no. 
Fet7 persons are aware of the ext&it to which Ui a comparative iosensluhty 
exlenda previous to trial To cat mate it let tho reader look alternately lull at 
<s isttrc o/ fibs- &ViY aTagiT ss4 tea 4»SS sr hhnsiM Jjw rfifwtVy h'.Jy.W *s\d 
about 3* or 4* apart, and look io 1 at one of them the probobiJ ^ la be w 11 see 
only the other The fact accounts for the multitude of stars with wh ch we are 
impressed by a general view of the heavens tbe r pauc ty when we come to 
count them 
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large stars thus crowded together in a very moderate space, 
comparatively insulated from the rest ot the heavens The 
constellation called Coma Berenices is another such gronp, 
more difTosed, and consisting on the whole ol larger stars 
(8G5 ) In the constellation Cancer, there is a somewhat 
similar, but less deSoite, Inmioons spot, called Fnesepc, or 
the bee bive, which a very moderate telescope— an ordinary 
night gloss, for instance — resolves entirely into stars In 
the sword handle of Perseus, also, is another such spot, 
crowded with stars, which requires rather a better tele 
scope to resolve into inditiduals separated from each other 
These are called cluatera of slats, and, whatever he their 
nature, tt is certain that other laws of aggregation subsist m 
these spots, than those which hare determined the scatter 
ing of stars over the general surface of the sky This con 
elusion IS still more strongly pressed npoo ns, when we 
come to bring very powerful telescopes to bear on these 
and similar spots There are a great number of objects 
which have been mistaken for comets and, in fact, have 
very much the appearance of comets without tails small 
round, or oval nebulous specks, which telescopes of moder 
ate power only show as such Messier has given, in the 
Gonnots des Temps for 1784, a list of the places of 103 ob 
jecls ol this sort, which all those who search for comets 
ought to be familiar with, to avoid being misled by their 
similarity of appearance That they are not, however, com 
ets, tbeir fixity snffictently proves, and when we come to 
examine them with instraments of great power — such as re 
flectora of eighteen inches, two feet, or more in aperture— 
any snch idea is completely destroyed They are then, for 
the most part, perceived to consist entirely of stars crowded 
together so as to occupy almost a definite outline, and to 
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run up to a blaze of light in the centre, where their conden 
sation IS usually the greatest (See Jig 1, Plate II , which 
represents (somewhat rudely) the thirteenth nebula of Mea 
sier’s bst (described by him as nibulevse sans ^totles), as seen 
in a reflector of 18 inches aperture and 20 feet focal length ) 
Many of them, indeed, are of an exactly round figure, and 
convey the complete idea of a globular space filled full of 
stars, insulated in the heavens, and constituting in itself a 
family or society apart from the rest, and subject only to its 
own internal laws It would be a vato task to attempt to 
count the stars m one of these ghlular clusters They aro 
not to be reckoned by hundreds, and on a rongb calcula 
tiOQ grounded on the apparent intervals between them at 
the borders and the angular diameter of the whole group, 
It would nppear that many clusters of this descnption must 
contain, at least live thousand stars, compacted and wedged 
together m a round space whose angular diameter docs not 
exceed eight or ten minutes that is to sa;>, m an area not 
more than a tenth part of that cohered bj the moon 

(8G6 ) Perhaps it may be thought to saror of the gigan 
tc^que to look upon the individuals of such a group os suns 
like our own, and their mutual distances ns equal to those 
which separate our snn from Ibo nearest fixed star yet, 
when we consider that their onited lustre affects the ovo 
with a less unpresston of light than it else of the fourth msg 
nitude(forlhe largest of thc«e clusters is barely tisiblo to 
the naked eje) the idea we are tbns coinpclJed to form of 
their distance from u^ mav prepare us for almost any e«li 
mate of their dimension’ At all o%cDts wo can harillT 
look upon a group thus iTishVatcd Wiu* tn tet/tan tc>hi» 1ms, 
atpte rotunduj os not forming a avsiom of a peculiar and 
tkdnito character Their round figure clcarlv uidieatcs the 
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existence of some general bond of union in tbo natoro of on 
attractive force, and, in msnj of them, there lo an evident 
acceleration in the rate of condensation as rre approach the 
centre, which is not referable to a mcrclj nniform distnbu 
tion of equidistant stars through a globular space, but marks 
an intrinsic denatltj m their state of aggregation, greater m 
the centre than at the surface of the mass It la difTicult 
to form any conception of the djoamical state of such a sjs 
tern On the one hand, without a rotatory motion and a 
centrifugal force, it is hardly possible not to regard them as 
lu a state of progressive collapse On the other, granting 
such a motion and such a force, we find it no leas difTicult 
to lecoucile the apparent aphcncity of their form with a 
rotation of the whole system round any single axis, without 
which lutcrual collisions might at first sight appear to be in 
evitable If we suppose a globular space filled with equal 
stars, umformljr dispersed through it, and very numerous, 
each of them attracting every other with a force inversely as 
the square of the distaucc, the resultaut force by which auy 
oue of them (those at the surface alone excepted) will be 
urged, in virtue of their joint attractions, will be directed 
toward the common centre of the sphere and will be di 
rectly as the distance therefrom This follows from what 
Newton has proved of the tnternal attraction of a homogene 
OU3 sphere (See also note on art 735) Kow, under such 
a law of force, each particular star would describe a perfect 
ellipse about the common centre of gravity as its centre, and 
that, m whatever plane and whatever direction it might re 
volve The condition, therefore, of a rotation of the clus 
ter, as a mass, about a single axis would be unnecessary 
Each ellipse, whatever might be the proportion of its axis, 
or the inchnation of its plane to the others, would be invari 
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ftblo m eiety pariieutarf aad o]J would bo deecnbed mono 
coinmoQ pcnod, bo th&t at the end of every such period, or 
annus magnus of the system, every star of the cluster (ex- 
cept the Buperfioial ones) would bo exactly re established m 
its original position, thonco to set out afresh, and run the 
same unvarying round for an indefimto succession of ages 
Supposing their motions, therefore, to bo so adjusted at any 
one moment ns that the orbits should not intersect each 
other, and so that the magnitude of each star, and the sphere 
of Its more intense attraction, shonld bear but a small pro 
portion to the distance separating the individnals, snch a 
system, it is obvious, might subsist, and realize, m great 
measure, that abstract and ideal harmony, which Newton, 
in the 89th Proposition of tho First Book of the Pnnctpta, 
has shown to characterize a law of force directly as Che dis 
tance * 

(867 ) The following aro the places, for 1886, of the 
principal of these remarkable objects, as specimens of 
tlieir class 



Of these by far the most conspicuous and remarkable 
13 w Centaun, the fifth of the bst in order of nght asceu 
Sion It IS visible to the naked eye as a dun ronnd cometic 
object about equal to a star 4 6m , though probably if con 
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c**ntTed in n single point, the impression on the eye would 
be much greater Viewed m a powerful telescope it appears 
as a globo of folly 20 in diameter, \erj gradually increasing 
in brightness to the centre, and composed of tnnumcnihlo 
stars of the 18th and 16th magnitudes (the former probabi} 
being two or more of tho latter closely juxtaposed) The 
11th m order of the list (R A 16* S5“) is aNo \ i^ible to the 
naked ere in irry fine nights, between ij and f Ilercuhs, and 
IS a superb object in a large telescope Both were discov 
cred by IlalleT, the former in 1677 and the latter in 1714 
(868) It 18 to Sir William Ilerschcl that we owe tho 
most complete analysis of the great yarict} of those oh 
jecls which are gcacrally classed under the common head 
of Nebnlao, but which hare been separated b} him into— 
1st Clusters of stars, m which the stars are clearly distin 
gui«hible, and these, again, into globular and irregular 
clusters, 2d Rcsolrabic ocbulfli, or socli os excite a bus 
picion that they consist of stars, and which any increase 
of the optical power of the telescope may be expected to 
resolve into distinct stars, Sd Nebul®, properly so called, 
in which there is no appearance wbatetcr of stars, which 
again, have been subdivided into subordioate classes ac 
cording to their brightness and size 4th Planetary nebulai 
6th Stellar oebulm and 6th Nebulous stars Tho great 
power o! his telescopes disclosed the existence of an im 
mense number of these objects before unknown, and showed 
them to be distributed oyer the heavens not by nny means 
uniformly, but with a marked preference for a certain dis 
tncl, extending over the northern pole of the galactic circle, 
and occupying the constellations Leo Leo Ifinor, the body, 
tail, and hind legs of Ursa Major Canes Venatici, Coma 
Berenices, the preceding leg of Bootes, and the head, wings, 
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and stoulder of Virgo In this region, ocoup^ing about 
one eighth of the whole surface of the sphere, one third 
of the entire nebulous contents of the heavens are congre 
gated On the other hand, they are very sparingly scattered 
over the constellations Aries, Taurus, the head and shoul 
ders of Onon, Auriga, Perseus, Oamelopardalus, Draco, 
Hercules, the northern part of Serpentanus, the tail of 
Serpens, that of Aqmla, and the whole of Lyra The hours 
8, 4, 5, and 16, 17, 18, of right ascension in the northern 
hemisphere are singularly poor, and, on the other hand, 
the hours 10, 11, and 12 (but especially 12), extraordinarily 
rich in these objects In the southern hemisphere a much 
greater umforniity of distribution prevails, and with excep 
tiou of two very remarkable centres of accumulation, called 
the hfagellanio clouds (of which more presently), there is 
no very decided tendency to their assemblage in any par 
ticular region 

(889) Clusters of stars are either globular, such ns we 
hare already described, or of irregular figure These latter 
are, generally speaking, less rich in stars, and especially 
less condensed toward the centre They are also less defl 
nite in outline, so that it is often not easy to say where 
they terminate, or whether they are to be regarded other 
wise than as merely richer parts of the heavens than those 
around them Many, indeed the greater portion of them, 
are situated m or close on the borders of the Milky Way 
In some of them the stars are neatly all of a size, in others 
extremely different, and it is no uncommon thing to find 
a very red star much brighter than the rest, occupying a 
conspicuous situation in them Sir William Herschel re 
gards these as globular clustere m a less advanced state of 
condensation, conceiving all such groups as approaching, 
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by their mntoal attraction, to the globular figure, and 
assembling themselves together from all the Bunounding 
region, under laws of which we hove, it is trac, no other 
proof than the obsertonce of a gradation by which their 
characters shade into one another, so that it is impossible 
to say where one species ends and the other begins Among 
the most beautiful objects of this class is that which snr 
rounds the star « Cfucis, set down as a nebula bj Lacaille 
It occupies an area of nbonc one 4Sth part of a square de 
gree, and consists of about llO stars from the 7th magnitndo 
downward, eight of the more conspicnons of which arc 
colored with vanons shades of red, green, and blue, so as 
to gite to the whole the appearance of a neb piece of 
jewelry 

(670) Rc^oUablo ocbulo can of course, only bo coo 
Bidcred os clusters cither too remote, or consisting of stars 
intrinsically too faint to affect us by tbcir individual light, 
unless whore two or three happen to be close enough to 
make a joint impression, and give the idea of a point 
brighter than the rest They are almost unnersally round 
or oval — their loose appendages and irregularities of form, 
being as it were extinguished by the distance and the only 
general figure of the more condensed parts being discernible 
It IS under the appearance of objects of this character that 
all the greater globular clusters evhibit themselves in tel 
cscopea oi jnsufTicient optical power to show them well, 
and the conclusion is obvious that those which the most 
powerful can barely render resolvable, and even those 
which, with such powers as are usaally applied, show no 
BigTv of being composed of stare, would be completely re 
solved by a further increase of optical power In fact, this 
probability has almost been converted into a certainty by 
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the magnificent reflecting telescope constructed by Lord 
Rosse, of SIX feet in aperture, which has resolved or ren 
dered resolvable multitudes of cebulae which bad resisted 
all inferior powers The sablioiitj of the spectacle afforded 
by that instrument of some of the larger globular and other 
clusters enumerated in the list given m art 867, is declared 
by all who have witnessed it to be such as no words can 
express 

(871 ) Although, therefore, nebulffl do exist, which even 
in this powerful telescope appear o* nebul®, without any 
sign of resolution, it may veiy reasonably be doubted 
whether there be really any essential physical distinction 
between nebulse and clusters of stars, at least in the nature 
of the matter of which they consist,* and whether the dis 
tiQCtioQ between such nebula as are easily resolved, barely 
resolvable with excellent telescopes, and altogether irre 
solvable with the best, be anything else than one of degree, 
ansing merely from the excessive minuteness and multitude 
of the stars, of which the latter, as compared with the 
former, consist The first impression which Halley, and 
other early discoverers of nebulous objects received from 
their peculiar aspect, so different from the keen, concen 
trated light of mere stars, was that of a phosphorescent 
vapor (like the matter of a comet s tail) or a gaseous and 
(eo to speak) elementary form of Juminous sidereal matter * 
Admitting the existence of such a medium, dispersed in 
some cases irregularly through last regions in space, m 
others confined to narrower and more definite limits Sir 
W Herschel was led to speculate on its gradual subsidence 
and condensation by the effect of its own gravity, into 
more or less regular spherical or spheroidal forms, denser 


* Sco Kot« K. 


* UkUej, rbd Trans, xxix. p 390 
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(as they must iq that case bo) toward tbe ccotre Assumiog 
that in tho progress ol this sobstdence, local centres of con 
dcDsation, subordmato to tbe general tendency, would not 
bo wanting, he conceived that in this way solid nuclei 
might arise, whose local griviialion still further condens 
ing and so absorbing the ncbnlous matter, each in its im 
mediate neighborhood, might ultimately become stars, and 
the whole nebula finally take on the state of a clneter of 
shirs Among the multitude of nebulco revealed by his 
tcleocopca, every stage of this process might be considered 
ns displayed to our eyes, and in every modification of form 
to which the general pnociplc might be conceived to apply 
Ihe more or less advanced state of a nebula toward its 
eegregation into discrete stars, and of these stars them 
selves toward a denser state of aggregation ronnd a central 
nucleus, would thus be m some sort an indication of age 
Neither is there any variety of aspect which nebulee offer, 
which stands at all in contradiction to this vien Even 
though we should feel ourselves compelled to reject the idea 
of a gaseous or vaporous nebulous matter, it loses little 
or none of its force Subsidence and the central aggrega 
tiOQ consequent on subsidence may go on quite as well 
among a multitude of discrete bodies tinder the influence 
of mutual attraction, and feeble or partially opposing pro 
jectile motions, as among the particles of a gaseous fluid 
(872 ) The ‘ nebular hypothena as it has been termed, 
and the theory of sidereal aggr^atton stand in fact quite 
independent of each other the one as a physical concep 
tiou of processes which may yet for aught we know, have 
formed part of that mystenons cham of causes and eSects 
antecedent to the existence of separate self luminous solid 
bodies, the other, as an application of dynamical principles 
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to caaes of a very complicated nature no doubt, but in which 
the possibility or impossibility, at least, of certain general 
results may be determined on perfectly legitimate pnnci 
pies Among a crowd of solid bodies of whatever size, 
animated by independent and partially opposing impulses, 
motions opposite to each other must produce collision, de 
stmotion of velocity, and subsidence or near approach 
toward the centre of preponderant attraction, while those 
which conspire, or which remain outstanding after such 
conflicts, must ultimately give nee to circulation of a per 
manent character “Whatever we may think of such colli 
Bions as events, there is nothing in this conception contrary 
to sound mechanical principles It will be recollected that 
the appearance of central condensation among a multitude 
of separate bodies m motion, by no means implies per 
manent proximity to the centre in each any more than 
the habitually crowded state of a market place, to which 
a large proportion of the inhabitants of a town must fre* 
quently or occasionally resort, implies the permanent real 
deuce of each individual witbm its area It is a fact that 
clusters thus centrally crowded do exist, and therefore the 
conditions of their existence mast be dyoamically possible, 
and in what has been said we may at least perceive some 
glimpses of the manner m which they are eo The actual 
intervals between the stars, even m the most crowded parts 
of a resolved nebula, to be seen at all by us, must be enor 
mous Ages, which to us may well appear indefinite, may 
easily be conceived to pass without a single instance of 
collision, in the nature of a catastrophe Such may have 
gradually become rarer as the system has emerged from 
what must be considered its chaotic state, till at length, m 
the fulness of time, and under the prearranging guidance 
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of that Desioit which pervaaes universal nature, each indi- 
vidual maj have taken up Bueh a course as to annul the 
possibility o! further destrucUve interference. 

(878.) But to return from the regions of speculation to 
the description of facta. Next in regularity of form to the 
globular clusters, whose cousideration bas led us into this 
digression, are elliptlo nebnlm, more or less elongated. 
And of th^e it may be generally remarked, as a fact un- 
doubtedly connected in some very intimate manner with 
the dynamical conditions of their snbsidence, that such 
nebulm are, for the moat part, beyond comparison more 
difficult of resolution than those of globular form. They 
are of all degrees of excentricity, from moderately oval 
forms to ellipses so elongated as to bo almost linear, which 
are, no doubt, edge-views of very flat ellipsoids. In all of 
them the density increases toward the centre, and as a gen- 
eral law It may bo remarked that, so far as we can judge 
from their telescopic appearance, their internal strata np- 
proach more nearly to the epbencal form than their exter- 
nal. Their resolvability, too, is greater m the central parts, 
whether owing to a real eupenority of size in the central 
stars or to the greater frequency of cases of close juxta- 
position of individuals, so that two or three united appear 
as one. In some the condensation is slight and gradual, in 
others great and sndden; so sudden, indeed, as to offer the 
appearance of a dnll and blotted star, standing in the midst 
of a faint, nearly equable elliptic nebulosity, of which two 
remarkable specimenB ocenr in R A. 12*“ 10“ 8S‘, N. P. D. 
41“ 46’, and in 13‘ 27- 28’, 119“ O' (1830) 

(874 ) The largest and finest specimens of elliptic nebnlae 
which the heavens afford are that m the girdle of Androm- 
eda (near the star » of that constellation) and that discov- 
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ered m 1783, by Miss Hersche), in B A. 0^ 39" 12*, 

N P. D 116'’ IS The nebula lu Andromeda (Plate IL 
/iff 3) IS risible to the naked eye, and is continually mis 
taken for a comet by those naacquainted with the heavens. 
Simon Afarina, who noticed it in 1612 (though it appears also 
to hare been seen and described as oval, in 995), describes 
its appearance aa that of a candle shining through horn, and 
the resemblance is not inapt. Its form, aa seen through or 
dinary telescopes, la a pretty long oval, increasing by insen 
Bible gradations of brightness, at first very gradually, but at 
last more rapidly, up to a central point, which, though very 
much brighter than the rest, is decidedly not a star, but 
nebula of the same general character with the rest in a state 
of extreme condensation Casual stars are scattered over it, 
but with a reflector of 18 inches in diameter, there is noth 
ing to excite any suspicion of its consisting of stars £x* 
amined with instruments of supenor defining power, how- 
ever, the evidence of its resolvability into stars may be 
regarded as decisive Mr G P Bond, assistant at the ob- 
servatory of Cambridge, XT S , describes and figures it as 
extending nearly 21" in length, and upward of a degree m 
breadth (so as to include two other sroaller adjacent nebulte), 
of a form, generally speaking, oval, but with a considerably 
protuberant irregularity at its north following extremity, 
very suddenly condensed at the nucleus almost to the sem- 
blance of a star, and though not itself clearly resolved, yet 
thickly sown over with visible minute stars, so numerous as 
to allow of 200 being counted within a field of 20 diameter 
m the richest parts But the most remarkable feature in his 
descnptioQ is that of two perfectly straight, narrow, and 
comparatively or totally obscure streaks which run nearly 
the whole length of one side of the nebula, and (though 
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slightly divergent from each other) nearly parallel to its 
longer axis. Theso streaks (which ohvioosly indicate a 
stratified structnre in the nebnla, if, indeed, they do not 
originate in the interposition of imperfectly transparent mat 
ter between ns and it) arc not seen on a general and cursory 
view of the nebula; they require attention to distinguish 
them,* and this circamstanco must bo borne in mind when 
inspecting the very extraordinary engraving which illus 
trates Mr. Bond’s account. The figure given in our Plato 
11. Jij. 8, IS from a rather hasty sketch, and makes no pre* 
tensions to exactness. A similar, bat much more strongly 
marked case of parallel arrangement than that noticed by 
Mr. Bond in this, Is one in which the two semiovals of nn 
elUpticaWy formed nebula appear cut asunder and separated 
by a broad obscuro band parallel to the longer axis of tho 
nebula, in the midst of which a faint streak of light parallel 
to the sides of tho cut appears: it is seen m the southern 
hemisphere in R A. 13*- 16- 31*, N P. D. 132“ 8’ (1830). 
The oebulm in 12* 27- 3*. 63* 6', and 12* 81- 11*, 100* 40' 
present analogous featutes 

(875.) Annular nebulo also exist, but arc among the 
rarest objects m the heavens The most conspicuous of 
this class 13 to be found slinost exactly half way between 
and r Byree, and may bo seen with a telescope of moderate 
power. It IS small and particularly well dcQncd, so as to 
have more the appearance of a flat oval solid ring than 
of a nebula The axes of the ellipse are to each other in 
the proportion of about 4 to 6, and the opening occupies 
about half or rather more than half the diameter. Tho 
central vacuity is not quite dark, bnt is fllled in with faint 
nebula, like a gauze stretched over a hoop The powerful 
* Tnzis. AaeiiCBa Tot. U. p. SO. 
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telescopes of Lord Bosso resolve this object into excessively 
minute stars, and show filaments of stars adhering to its 
edges * 

(876 ) Planetary neboljb are very extraordinary ob 
jects They have, as their name imports, a near, in some 
instances, a perfect resemblance to planets, presenting disks 
round, or slightly oval, in some quite sharply terminated, 
m others a little hazy or softened nt the borders- Their 
hght IS in some perfectly equable, in others mottled and of 
a very peculiar texture^ as if cordled They are compara- 
tively rare objects, not above four or five and twenty hav- 
ing been hitherto observed, and of these nearly three- 
fourths are situated m the southern hemisphere Being 
very interesting objects we subjoin a list of the most re 
markable * Among these may be more particularly speci- 
fied the sixth m order, situated lo the Cross Its light is 
about equal to that of a star of the 6 7 magnitude, its diam 
efer about 12', ita disk circular or very slightly elliptic, 
and with a clear, sharp, well defined outline, having exactly 
the appearance of a planet with the ezceptioo only of its 


• The places of some retoarlfaWo soauiar oebuls (lor 1630) are. 


R A N P 

1 io‘ ie» 36» let' 

2 22 42 53 

4 17 10 39 128 


D R A 

4S 4 I7» 19® 2" 

57 6 IB 47 13 

18 6 20 9 33 


N P D 
113* 37' 
67 11 

69 57 


^ Places tor 1830 of twelve «f ttie most remarkable planetary oebuls 


R A N P D 


h JB a " ' 

1 7 31 2 101 20 

2 9 16 39 117 35 

3 9 69 62 129 36 

4 10 16 36 107 47 


BA N P P I 


h ro a ' 

6 11 4 49 34 4 

6 11 41 6« 148 14 

7 15 5 18 135 1 

8 19 10 9 B3 46 


R. A N P D 


h. m B ' ' 
9 19 31 21 104 33 

10 19 40 19 39 64 

11 20 64 63 109 2 

12 23 17 44 48 24 
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color, which is a fine and foil blao verging eomewbat npon 
green. And it is not a little remarkable that this pbenom* 
cnoQ of a bine color, which is eo rare among stars (except 
when in the immediate proximity of yellow stars) occurs, 
though less strikingly. In three other objects of this class, 
▼iz. in No. 4, whose color is sky.blne, and in Nos. 11 and 
12, where the tint, though paler, is still evident. Nos. 2, 
7, 9, and 12, are also exceedingly characteristic objects 
of this class. Nos. 8, 4, and 11 (the latter in the parallel 
of y Aquarii, and abont 6“ preceding that star), are con* 
siderahly elliptic, and (respectively) abont SS', 80' and 15' 
in diameter. On the disk of No. fi, and very nearly in the 
centre of the ellipse, is a star 9m, and the textnre of its 
light, being velvety, or as if formed of lino dust, clearly 
indicates its rcsolvability into stars Tim largest of these 
objects is No. 6, situated somewhat south of the parallel 
of p tTrsm Majoris and about 12* following that star. Its 
apparent diameter is 2' 40', which, supposing it placed at 
a distance from na not more than that of 61 Cygni, would 
imply a linear one seven times greater than that of the orbit 
of Neptune. The light of this stupendous globe is perfectly 
equable (except just at the edge, where it is slightly soft- 
ened), and of considerable brightness. Such an appearance 
would not be presented by a globular space uniformly filled 
with stars or lamiuous matter, which structure would nee* 
essatily give use to an apparent increase of brightness 
toward the centre in proportion to the thickness traversed 
by the visual ray. 'We might, therefore, be induced to con- 
clude its real constitution to be either that of a hollow 
spherical shell or of a flat disk^ presented to us (by a highly 
improbable coincidence) id a plane precisely perpendicular 
to the visual ray. 
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(877.) ‘Whatever idea we maj form of the real nature of 
such a body, or of the planetary nebulce in general, which 
all agree in the absence of central condensation, it is evident 
that the intrinsic splendor of their surfaces, */ conitnuous, 
must be almost infinitely less than that of the sun A oir 
cular portion of the sun’s disk, subtending an angle of 1', 
would give a light equal to that of 780 full moons, while 
among all the objects in question there is not one which can 
be seen with the naked eye if Arago has surmised that 
they may possibly be envelopes shining by rejiecki light, 
from a solar body placed in their centre, invisible to us by 
the effect of its excessive distance, removing, or attempting 
to remove the apparent paradox of such an explanation, by 
the optical principle that an illuminated surface is equally 
hnght at all distances, and, therefore, if large enough to 
subtend a measurable angle, can be equally well seen, 
whereas the central body, subtending no such angle, has 
Its effect on our eight dimtoisbed in the inverse ratio of 
the square of its distance * The immense optical powers 
applied by Lord Hosae and Mr Lassell to the examination 
of these enigmatical objects have hitherto only added to 
the mystery which bangs about them, by disclosing capnees 
of structure in several of them of the most extraordinary 
nature * 

(878 ) Double nebul® occasionally occur — and when such 


* With due de/ereoco to eo litgh a i sQtborttT’ wo must demur to the conclu 
8 on Even suppoeiog Itio eo elope to reflect and icattor (equal!/ in ell du«o< 
tiona] half the i ght of the ceotrel euo the portion of the ao scattered 
wh ch would fall to our sbero could not exceed tbo retsaiob g half which that 
tun Itself would still send to ua b/ direct tadudon But this ex Aj/poffteii la 
loo email to oSeet the e/e with an/ lamlnoua perception when concentmted 
in a point much less then oo ild it ^ m if spre^ orer a tur&co aasf mlllloa 
t me« oxeeediug m angular area tbo apparent d sk of tbo central sun luelL 
(See Acnualra du Bureau des I«agitudes 1W2 JOS -110 411 ) 

* See the Qgurea In their papers Ph I Trans. 1850 ai d 18C1, and hlem Aau 
Soc rol xxiri 
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is "the case, the constituents most commonly belong to the 
class of spherical ncbulm, and are in some instances an> 
doubtedly globular clusters. All the varieties of double 
stars, in fact, as to distance, position, and relative bright^ 
ness, have their counterparts in double nebulaj; besides 
which the varietica of form and gradation of light in the 
latter aHord room for combinations peenhar to this class 
of objects. Though the conclusive eridence of observed 
relative motion be yet wanting, and though from the vast 
Bcnie on which aueb systemB are constmeted, and the prob* 
able extreme slowness of the angular motion, it may con* 
tinue for ages to be so, yet it is impossible, when we cast 
our eyes upon such objects, or on the figures which have 
been given of them,'* to doubt tbcir physical connection. 
The argument drawn from the comparative ranty of the 
objects in proportion to the whole extent of the heavens, 
so cogent in the case of the double stars, is infinitely more 
80 in tb'ht of the double nebulse. Nothing more magnificent 
can be presented to our consideration, than such combina- 
tions. Their stupendous scale, the multitude of individuals 
they involve, the perfect symmetry and regularity which 
many of them present, the utter disregard of complication 
in thus heaping together system upon system, and con- 
struction upon construction, leave us lost \n wonder and 
admiration at the evidence they afford of infinite power 
and unfathomable design. 

(879.) Nebnl® of regular forms often stand m marked 
and symmetrical relation to etara, both single and doable 
Thus we are occasionally presented with the beautiful and 
striking phenomenon of a sharp and brilliant star concen- 
trically surrounded by a perfectly circular disk or atmos- 

Phil Trans. 1833 , Plato rli 
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phere of fajnt Ijgbt, in some casei dying array insensibly 
on all Bides, in others almost suddenly terminated These 
are Nelitloua Stars Fine examples of this kind are the 
45th and 69th nebulie of SirWro Herschol's fourth class" 
(R A 7* 19“ 8*, K P D 68“ 46, and S' 68“ 86’, 69* 40“) m 
vrhich stars of the 8th magnitude are surrounded by photo 
spheres of the kind above described respectively of 12* and 
25* in diameter Among stars of larger magnitudes 65 
Andromedfo and 8 Canum Venaticorum may be named 
as exhibiting the same phenomenon with more brilliancy, 
but perhaps with leas perfect regularity 

(880 ) The connection of nebulas with double stars is in 
many instances extremely remarkable Thus m E A 18* 
7“ 1*, N P D 109* 66, occurs an elliptic nebula having 
Its longer axis about 60*, in which, symmetrically placed, 
and rather nearer the vertices than the ioci of the ellipse, 
are the equal individuals of a double star, each of the 10th 
magnitude In a similar combination noticed by M Struve 
(in B A 18* 26“ N P D 25* 1’), the stars are unequal and 
situated precisely at the two extremities of the major axis 
In R A 18* 47“ 33 , N P D 129* 9 , an oval nebula of 2 
in diameter has very near its centre a close doable star 
the individuals of which, slightly unequal, and about the 
9 10 magnitude are not more than 2* asunder The nucleus 
of Messier s 64th nebula is strongly suspected ’ to be a 
close double star — and several other instances might be cited 


I The classes here referred to are not the apedes descr bed in art 868 but 
1 8ta of nebul® e ght in oumber arranf^ed accord Bjj to brightness sfre, dens ty 
of cluster ng etc m one or other of wh ^ all i ebula were ong n&lly classed 
by hfm Class L conta ns Bnght nebnbs If Pa nt do lil Very 
fs nt. do rV Planetary neboJie *Mr« w ih bare m llcy eberelures short 
rays remarkable shapes etc V Tory large nebul® VI Very com 
pressed r ch clusters VIL Pretty mnCb compressed do VIII Coarsely 
scattered clusters 
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(881 ) Among tho nelaulsQ Trhtch, though deviating moTO 
from ayrametry of form, are yet not wanting tn a certain 
regalanty of figure, and which seem clearly entitled to bo 
regarded as systems of a defimto natore, bowerer mysien 
ous their structure and destination, by far the most remark- 
able are the 27ih and 51st of Messier's Catalogue *’ The 
former consists of two round or somewhat oval nebulous 
masses united by a short neck of nearly tho same density. 
Both this and the masses graduate off, however, into a 
fainter nebulous envelope which completes the figure into 
an elliptic form, of which tho inlcnor masses with their 
connection occupy the lesser axis Seen in a reflector of 
18 inches in aperture, the form has considerable regalanty, 
and though a few stars are hero and there scattered over it, 
It 18 unresolved Lord Bossc, MCwing it with a reflector of 
double that aperture, desenbos and figures it as resolved 
into numerous stars with much intermixed nebula, while 
the symmetry of form, by rendenng M«ible features too 
faint to be seen with inferior power, is rendered consider 
ably less sinking, though by no means obliterated 

(882 ) The filst nebula of Messier, viewed through an 
18 inch reflector, presents the appearance of a large and 
bnght globular nebula, sarrounded by a nng at a consider 
able distance from the globe very unequal m brightness 
m Its different parts, and subdivided through about two 
fifths of its circumference os if into two lamina?, one of 
which appears as if turnerl up toward the eye out of the 
plane of the rest Near it (at about a radius of the nng 
distant) is a small bright round nebula Viewed through 


” Plocea for 1830 B A ISh BSm N P D 61*44 aod It A 13h. 
ila SH K P D 41* 66 
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tho C feet reflector of Lonl Bos'to the nspect 19 much altered 
The intenor, or what appeared tho upturned portion of the 
nng, assumes the aspect of a nebulous coil or convolution 
tending in n spiral form toward tho centre, and a general 
tendonej to a spiroid arrangement of tho streaks of nebula 
connecting tho ring and contra! moss which this power 
brings into view, becomes apparent, and forms a very 
striking feature Tho outlying nebula is connected by 
a narrow nebulous arc with tho ring, and the whole has a 
resohablo character (See Plato TI /y S) Both lord 
Rosso and Ifr LasscII have found this spiral character, 
oven still more marked, to belong to many other nebuiro 
Buflicienlly numerous, in fact, to form a class apart, of 
which Messier's 99(h nebula is a One specimen 

(883 ) Wo come now to a class of ncbulai of totally 
different character They are of very great extent, utterly 
devoid of all symmetry of form— on the contrary, irregular 
and capncioua in tbcir shapes and convolutions to a most 
cxtraordiuary degree, and no less so in the distributioa of 
their light No two of them can be said to present any 
similarity of figure or aspect, but they have one important 
character in common They are all situated in, or very 
near, tho borders of tho Milky Waj The moat remote 
from It IS that in the sword handle of Onon, which being 
20” from the galactic circle, and 15® from the visible border 
of the Via Lactea, might seem to form an exception though 
not a striking one But this very situation may be adduced 
as a corroboration of the general view which this principle 
of localization suggests For the plnce in question is situ 
ailetf in tbe pfu?^JlTgK^fOl^ of ffcr# £s(af odikef of ffro iSfriiy 
Way which we traced (vrt 78T) from a and e Persei toward 
Aldebaran and the Hyades, and in the zone of Great Stars 
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noticed in art 785 as an appendage of, and probably bear 
iQg relation to that etratnm 

(884 ) From this it would appear to follow, almost as a 
matter of coarse, that they most bo regarded as oatlying, 
■very distant, and as it were detached Irogmonls of the great 
Btratam of the Galaxy, and this -view of the subject is 
strengthened when we find on mapping down their places 
that they may all be grooped in fonr great masses or nebu 
loos regioDB — that of Orion, of Argo, of Sagittarius, and of 
Cygnus And thus, inductivelj, we may gather some in 
formation respecting the atractarc and form of tbe Galaxy 
it«elf, which, could wo new it os a whole, from a distance 
such as that which separates ns from these objects, would 
terypobably present itself under nn aspect qmtenscom 
plicated and irregular 

(885 ) Tho great nebula suiroonding tbe stars marked 
elm tho sword bondte of Orion was discovered by Huy 
gfaens 10 1656, and has been repeatedly Sgured and described 
by astronomers since that time Its appearance vanes 
greatly (os that o! all nebulous objects does) with the m 
slrnmental power applied so that \l is difficult to recognize 
in repre«entations made with lofenor telescopes e\enprtn 
cipal features, to say nothing of subordinate details Until 
this became well understood it was supposed to have 
changed very materially, both in form and extent, during 
tbe interval elapsed since its first discovery No doubt, 
however, now remaiUB that these supposed changes have 
originated partly from tbe cause above mentioned partly 
from the difficulty of correctly drawing and, still more 
engraving such objects and partly from a want of sufficient 
care in the earlier delineators themselves in faithfully copy 
mg that which they really did see Our figure (Plate TV 
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Jig 1) IB reduced from a larger one made under very favor* 
able circumstances, from drawings taken with an 18 inch 
reflector at the Cape of Good Hope, where its meridian 
altitude greatly exceeds what it has at European stations. 
The area occupied by this figure is about one 25th part of 
a square degree, extending in R A. (or horizontally) 2*' 
of time, equivalent almost exactly to 30 m arc, the object 
being very near the equator, and 24' vertically, or in polar 
distance The figure shows it reversed in declination, the 
northern side being lowermost, and the preceding toward 
the right band In form, the bngbtest portion offers a re 
semblance to the head and yawning jaws of some monstrous 
animal, with a sort of proboscis running out from the snout 
Many stars are scattered over it, which for the most part 
appear to have no connection with it, and the remarkable 
sextuple star ^ 1 Ononis, of which mention has already been 
made (art S37), occupies a most conspicuous situation close 
to the brightest portion, at almost the edge of the opening 
of the jaws It is remarkable, however, that within the 
area of the trapezium no nefii/fT. exists The general aspect 
of the less luminous and cirrous poition is simply nebulous 
and irresolvable, but the brighter portion immediately ad 
jacent to the trapezinui, forming the square front of the 
head, is shown with the 18 inch reflector broken up into 
masses (very imperfectly represented in the figare)^^ whose 
mottled and curdling light evidently indicates by a sort of 
granular texture Us consisting of stars, and when examined 
under the great light of Lord Rosse's reflector, or the ex 
quisite defining power of the great achromatic at Cambridge 
C S , is evidently perceived to consist of cfasteriog star* 
There can therefore be little doubt as to the whole consist 
ing of stars, too minute to be discerned individually eieu 
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Kith these powerful aids, but which become visible as 
pointe of light when closely adjacent in the more crowded 
parts in the mode already mon: than once suggested. 

(836.) The nebula is not confined to the limits of our 
figure. Northward of ^ about S3', and nearly on the same 
meridian are two stars marked C 1 and C 2 Orionis, in* 
volved in a bright and branching nebula of very singular 
form, and south of it is the star t Orionis, which is also in- 
volved in strong nebula. Careful examination with power- 
ful tolcacopes has traced out a continuity of nebulous light 
between the great nebula and both these objects, and there 
can be little doubt that the nebulous region extends north- 
ward, as far as « in the belt of Orion, which is involved in 
Strong nebulosity, as welt as several smaller stars in the 
immediate neighborhood. Professor Bond has given a 
beautiful figure of the great nebula in Trans Amencan 
Acad, of Arts and Sciences, new series, vol. lii., and Lord 
OxmantowQ a superb one in Phil. Tr. 1868. 

(887.) The remarkable vanalion in lustre of the bright 
star in Argo, has been already mentioned. This star is 
situated in the most coudensed region of a very extensive 
nebula or congeries of nebular masses, streaks and branches, 
a portion of which is represented in Jig 2, Plate lY. The 
whole nebula is spread over an area of fully a square degree 
in. csfent, ot wbicb that included in the figure occupies 
aboat one fourth, that is to say, 28' in polar distance, and 
82' of arc in B. A., the portion not included being, though 
fainter, even more capriciously contorted than that here 
depicted, in which it should be observed that the preceding 
side is toward the right hand, and the southern uppermost. 
Yiewed with an 18-inch reBector, no part oi this strange 
object shows any sign of resolution into stars, nor in the 
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brightest and most condensed portion'adjacent to the sm 
gular oval vacancy m the middle of the figure is there any 
of that curdled appearance or that tendency to break up 
into bright knots with intervening darker portions which 
characterize the nebula of Orion, and indicate its resolva 
bility The whole is situated in a very rich and bnlhant 
part of the Milky Way, so thickly strewed with stars 
(omitted in the figure), that in the area occupied by the 
nebula, not less than 1200 have been actaally counted, 
and their places m R A and P P determined Yet it la 
obvious that these have no connection whatever with the 
nebula, being, in fact, only a simple continuation over it of 
the general ground of the galaxy, which on an average 
of two hours m right ascension m this period of its course 
contains no less than 818S stars to the square degree all, 
however, distinct and (except where the object in question 
IS situated) seen projected on a perfectly dark heaven, with* 
out any appearance of intermixed nebulosity The concla* 
Sion C'ln hardly be avoided that in looking at it we see 
through, and beyond the Milky Way, far out into space, 
through a starless region, disconnectiog it altogether from 
our system "It is not easy for language to convoy a full 
impression of the beauty and sublimity of the spectacle 
which this nebula offers, as it enters the field of view of 
a telescope fixed in right ascension, by the diurnal mo- 
tion, ushered in as it is by so glonous and innumerable 
a procession of stars, to which it forms a sort of climax," 
and in a part of the heavens otherwise full of interest One 
other bright and very remarkably formed nebula of con 
siderable magnitude precedes rt nearly on the same piral 
lei, but without aay traceable connection between them 
(888 ) The nebulous group of Sagittarius consials of ser* 
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eral conspicuoas nebulffi** of very extraordinary forma by 
no means easy to give an idea of by mere description. One 
of them (A, 1991") is fllngularly trifid, consisting of three 
bright and irregularly formed nebnlous masses, graduating 
away insensibly externally, but coming up to a great inten* 
sity of light at their interior edges, where they inclose and 
Burroand a sort of three-forked rift, or vacant area, abruptly 
and QQcoatbly crooked, and quite void of nebnlous light. 
A beautifnl triple star is situated precisely on the edge of 
one of these nebulous masses just where the interior vacancy 
forks out into two channels. A fourth nebnlous mass 
spreads like a fan or downy plume from a star at a little 
distance from the triple nebula. 

(8S9.) Nearly adjaoeut to the last described nebula, and 
no doubt connected with it, though the connection has not 
yet been traced, is situated the 8tb nebula of Uessier’s 
Catalogue. It is a collectioo of nebulous folds and masses, 
sarroandiag and including a number of oval dark vacancies, 
and in one place coming up to so great a degree of bright- 
ness, as to offer the appearance of an elongated nucleus. 
Superposed upon this nebula, and extending in one direc- 
tion beyond its area, » a fine and rich cluster of scattered 
stars, which seem to have no connection with it, as the 
nebula does not, as in the region of Orion, show any ten- 
dency to congregate abont the stars. 

(890 ) The 19th nebnla of Messier’s Catalogue, though 

'• About It. A llh Mtn , K P D IIS* V, lout nebute JTo 41 o£ Bit 
Wm. Uembel’s 4th class and Nos 1 a. 3 of his Stii oil coocseted Into odo 
gtea-t complex oebola —to R A Ith 63m Sl» N F U 114* 21', the 8th, 
ftud in ISh. llm , 106* 15', ibc ITth of Ues^ier’a Cntslogue 

“ 'rb\i number refers to tbe catalogue of oebutm In Phil Traas 1833 
The reader mil find figures of the siTeral cebal* of this group In that volume, 
pliite W fig 35 ra the AuAor’e “ReiKiUe of Ohaervahon*. etc , at the Cape 
of Oo^ Hope ” Plates I Jig 1, and ii figs 1 and 2, and m Uason’s llemoir 
la tlxa coUecUoa of the Ameticaa PhiL Soi*,, tqI. tu. art. nu.‘ 
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some degrees remote from the others, evidently belongs to 
this group Its form is very remarkable, consisting of two 
loops like capital Greek Omegas, the one bright, the other 
exceedingly faint, connected at their bases by a broad and 
very bnght band of nebula, insulated within which by 
a narrow comparatively obsonre border, stands a bright, 
resolvable knot, or what is probably a clnster of exceed- 
ingly minute stars A very faint round nebula stands m 
connection with the upper or convex portion of the brighter 
loop 

(891 ) The nebulous group of Cygnus consists of several 
large and irregular nebulse, one of which passes through the 
double star k Cygm, as a long, crooked, narrow streak, 
forking out in two or three places The others,** observed 
in the hrst instance by Sir W Hemchel and by the author 
of this work as separ-ite nebul», have been traced into con 
neotvon by Mr Mason, and shown to form part of a carious 
and intricate nebulous system, consisting let, of a long, 
narrow, curved, and forked streak, and, 2dly, of a cellular 
eSusion of great exteat, in which the nebula occurs inter 
mixed with, and adbermg to stars around the borders of the 
cells, while their interior is free from nebula, ond almost 
BO from stars 

(892 ) The Magellanic clouds, or the nubeculra (major 
and minor) as they are called in the celestial maps and 
charts, are, as their name imports, two nebulous or cloudy 
masses of light, conspicuously visible to the naked eye, in 
the southern hemisphere, in the appearance and brightness 
of their light not unlike portions of the Milky Way of the 
same apparent size They are, generally speaking, round, 
or somewhat oval, and the lai^er, which deviates most 

'» B. A sob. 49 bu SOs., H P D 68* 81'. 
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from the circular form, exhibits the appearance of an axis 
of bgbt, very ill defined, and by no means strongly distin- 
guished from the general mass, which seems to open out 
at its extremities into somewhat oval sweeps, constituting 
the preceding and following portions of its circumference. 
A small patch, visibly brighter than the general light 
around, in its following part, indicates to the naked eye 
the situation of a very remarkable nebula (No, 80 Doradiis 
of Bode’s Catalogue), of which more hereafter. The greater 
nubecula is situated between the meridians of 40* and 
S' 0" and the parallels of 166® and 162* of N. P. D., and 
occupies an area of about 42 square degrees. The lesser, 
between the meridians'* 0 28 and 1' 15* and the parallels 
of 162* and 165* N. P. B., covers about ten square degrees. 
Their degree of brightness may be judged of from the eilcct 
of strong moonlight, which totally obliterates the lesser, but 
not quite the greater. 

(893 ) When examined through powerful telescopes, the 
constitution of the nubeculs, aud especially of the nubecula 
major, is found to be of ostouisbing complexity. The gen- 
eral ground of both consists of laige tracts and patches of 
nebulosity in every stage of resolution, from light, irresolv- 
able with 18 inches of reflecting aperture, up to perfectly 
separated stars like the Milky Way, and clustering groups 
saihclently insulated and condensed to come under the 
designation of irregular, and in some cases pretty rich 
clusters But besides those, there are also nebulm in abun- 
dance, both regular and irregular, globular clusters in every 
state of condensation, and objects of a nebulous character 
quite peculiar, and which bare no analogue in any other 
region of the heavens. Such la the concentration of these 


IS Uiddovia u«scly m bouf vcong ux sU ibo c«t«aUal ctisris oed globes. 
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Objects, that in the area oocupied hy the nubecula major, 
not fewer than 278 nebul® and clusters have been enumer* 
oted, besides 50 or 60 outliers, which (considering the gen 
eral barrennesa in such objects of the immediate neighbor 
hood) ought certainly to be reckoned as its appendages, 
being about 61 per square degree, which very far exceeds 
the average of any other, even the most crowded parts of 
the nebulons heavens In the nobecula minor, the conoen 
trstion of such objects is less, thongh still very stnking, 
87 having been observed within its area, and 6 adjacent, 
but outlying The nubeculie, then, combine, each within 
ita own area, characters which lo the rest of the heavens 
are no less strikingly separated— viz those of the galactic 
and the nebular system Globnlar clusters (except in one 
region of small extent) and nebnim of regular elliptic forms 
are comparatively rare m the Milky Way, and are found 
congregated in the greatest abundance in a part of the 
heavens, the most remote possible from that circle, whereas, 
in the nubeculm, they are mdiscnminately mixed with the 
general starry ground, and with irregular though small 
nebulie 

(894 ) This combination of characters, rightly considered, 

IS in a high degree instructive, affording an insight into the 
probable comparative distance of s/arj and nebula, and the 
real brightness of individual stars os compared one with 
another Taking the apparent semidiaraeter of the nubec 
ula major at 3®, and regarding its solid form as, roughly 
speaking, spherical, its nearest and most remote parts 
differ in their distance from us by a little more than a 
tenth part of our distance from its centre The brightness 
of objects situated in its nearer portions, therefore, cannot 
be much exaggerated, nor that of its remoter much enfee 
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by tbeir differonco of distance, yet within this glob 
ace we have collected npward of 600 stars of tho 
h, 9th, and 10th magnitodca, nearly SOO nebnlce, 
balar and other clusters, of all decrees of resoluhlityf 
taller scattered stars mnamerable of every inferior 
ade, from the 10th to such as by their multitude and 
ness constitute irresolvable nebulosity, exteoding over 
of many square degrees Were there bat one such 
it might be maintained without utter improbability 
) apparent sphericity is only an effect of foreshorten 
id that in reality a much greater proportional differ 
! distance between its nearer and more remote parts 
But such an adjustment, improbable enough m one 
nust be rejected as too much so for fair argument m 
It must, therefore, be taken as a demonstrated fact, 
,tara of the 7th or 8th magnitude aud irresolvable 
i may co exist within limits of distance not differing 
portion more than as 9 to 10, a couclnsion which mast 
3 some<degree of caution to admittiog as certain^ many 
consequences which have been rather strongly dwelt 
in the foregoing pages 

'5 ) Immediately preceding the centre of the nubecula 
, and undoubtedly belonging to the same group, occurs 
iperb globular cluster No 47 Toucani of Bode, very 
e to the naked eye and one of the finest objects of this 
m the heavens It consists of a Tery condensed sphen 
ass of stirs, of a paU rose color, concentncallj inclosed 
nnch less condensed globe of while ones 16 or 20' in 
jter This is the first m order of the list of such clus 
n art 867 

96 ) 'Witbm the nubecula major, as already mentioned, 
amtly visible to the naked eye, is the singular nebula 
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(marked as the star SO Doradiis in Bode’s Catalogue) noticed 
bj LacaiUe as resembling the nucleus of a small comet. 
It occupies about one*500th part of the whole area of the 
nubecula, and is so satisfactorily represented in Plate V. 
Jig. 1, as to render further description superfluous. See 
art. 896 a, Note K. 

(897.) We shall conclude this chapter by the mention 
of two phenomena, which seem to indicate the existence of 
some slight degree of nebulosity about the sun itself, and 
even to place it in the list of nebulous stars. The first is 
that called the zodiacal light, which may be seen any very 
clear evening soon after sunset, about the months of March, 
April, and May, or at the opposite seasons before sunrise, 
as a cone or lenticularly-sbaped light, extending from the 
horizon obliquely upward, and following generally the course 
of the ecliptic, or rather that of the sun’s equator. The ap' 
parent angular distance of its vertex from the sun varies, 
according to circnmstances, from 40° to 90°, and the breadth 
of Its base perpendicular to its axis from 8° to 80°. It is 
extremely faint and tU defined, at least in this climate, 
though better seen in tropical regions, but cannot be mis- 
taken for any atmospheric meteor or aurora borealis. It is 
manifestly in the nature of a lenticularly-formed envelope,” 
surrounding the sun, and extending beyond the orbits of 
Mercury and Venus, and nearly, perhaps quite, attaining 
that of the earth, since its vertex has been seen fully 00° 
from the sun’s place in a great circle. It may be conjec- 
tured to be DO other than the denser part of that medium, 


” 1 cauuot imagine upon what groonds Humboldt pereiata in ascribing to Jt 
tie ilintt of s niig" eoL-treAwg" «Kr 

tiona of the aodiacal Lgbt, bj ihe Ber G Joees, see ‘’Umicd States Japan 
Eipedilion,” TOl. Ui 4* Waahinglon, 18S6 It contains 35T plates of ita 
appearance 
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which, we have some reason to bolterc, resists the motion 
oi comets; loaded, perhaps, with the nctnai materials o! the 
tails of millions of those bodies, of which they have been 
stripped in their successive perihelion passages (art 568) 
An atmosphere of the sun, in any proper sense of the word, 
it cannot be, since the existence of a gaseous envelope 
propagating pressure from part to part; subject to mutual 
friction in its strata, and therefore rotating in the same or 
nearly the same time with the central body; and of such 
dtmeoaiona and ellipticity, is ntterly incompatible with 
dynamical laws. If its particles have inertia, they must 
necessarily stand with respect to the son in the relation of 
separate and independent minnte planets, each haring its 
own orbit, plane of motion, and periodic time The total 
mass being almost nothing compared to that of the sun, 
mutual perturbation is out of the question, though coUmons 
among such as may cross each other’s paths may operate in 
the course of mdednue ages to effect a subsidence of at least 
some portion of it into the body of the sun or those of the 
planets 

(898 ) Nothing prevents that these particles, or some 
among them, may have some tangible size, and be at very 
great distances from each other. Compared with planets 
visible in our most powerful telescopes, rocks and stony 
masses of great size and weight would be but as the im* 
palpable dust which a sunbeam renders visible as a sheet 
of light when streaming throagh a narrow chink into a dark 
chamber. It is a fact, established by the most mdisputable 
evidence, that stony masses and lumps of iron do occasion* 
allY^ and indeed by no means infrequently,, fall upon the 
earth from the higher regions of our atmosphere (where it 
is obviously impossible they can have been generated), and 
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that they have doae so from the earhest times of bi&tory. 
Four instances are recorded of persons being killed by their 
fall A block of stone fell at .^Igos Potamos, B 0 465, as 
large as two millstones, another at Narni, in 921, projected, 
like a rock, four feet above the surface of the river, into 
which it was seen to fall The emperor Jehangire had a 
sword forged from a mass of meteono iron which fell, in 
1620, at Jalandar, in the Punjab Sixteen instances of 
the fall of stones in the British Isles are well authenticated 
to have occurred since 1620, one of them in London In 
1608, on the 26th of Apitl, thousands of stones were scat 
tered by the explosion into fragments of a largo ilery globe 
over a region of twenty or thirty square miles around the 
town of L’Aigle, in Noraaodj The fact occurred at mid 
day, and the circumstances were officially verified by a com* 
mission of tho French government •• These, and innumer 
able other instances,** fally establish the general fact, and 
after vam attempts to acconnt for it by volcanic projection, 
either from the earth or the moon, tbo planetary nature of 
these bodies seems at length to be almost generally ad 
muted Tho heat which they possess when fndon, (ho 
Igneous phenomena which occompany them, their oxplo 
Bion oa arrmDg within the denser regions of onr atmos 
phore, etc , are all satncicntly accoanted for on physical 
principles, by the condensation of tho air before them in 
consoqnence of their cnonnoos %clocity, and by the rcia 
tioDs of air in a highly attenuated state to heat *' 

'* 8c« the emperor • own ^otj reinsrk*blo accoaet of tli« oecon en eo, 

Ut«d (n FlitL TruR. 1T93 p. W 

** Bee U. B ot * rvpon !& Ufm de 1 faitltut. II0&, 

** Bee « 1 of Qpwftnl of 309 puM.»h«d bjr CMxIdI. AubiJm <fu Bamu ifea 
Loo{iltude« de Friu>ce IB)3 

»' Kdloburgb nerleir Jko. ISfS 195 fl U refx 00 Bew 

ebemieol deiseut luu b»«n detected ta oajr of tbe oBiaeroui BWteoroUte* 

ItBTa beca Bubjeetel to ual/sU. 
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(Sf'O.) Besides stonj and metallic masses, however, it is 
probable that bodies of very different natures, or at least 
states of aggregation, arc thus circolaling round the sun. 
Shooting stars, often followed by long trains of light, and 
those great fiery globes, of more rare, but no: irry un- 
common occurrence, which are seen traversing the upper 
regions of our atmosplicre, Eometimis leaving trains behind 
them remaining for many minutes, sometimes bursting with 
a loud explosion, sometimes becoming quietly extinct, may 
not unreasonably be presumed to bo bodies extraneous to 
our placet, which only become visible on becoming ignited 
in the act of grazing the confines of our ntmosphcrc. 
Among the last-mentioned meteors, however, are some 
which can hardly be supposed solid masses. The remark- 
able meteor of August 18, 1783, traversed the whole of 
Europe, from Shetland to Rome, with a velocity of about 
80 miles per second, at a height of 60 miles from the surface 
of the earth, with a light greatly surpassing that of the full 
moon, and a real diameter of fully half a mile. Yet with 
these vast dimensions, it made a sudden bend in itscourso; 
it changed its form visibly, and at length quietly separated 
into several distinct bodies, accompanying each other in 
parallel courses, and each followed by a tail or tram 

(900.) There are circumstances in the history of shooting 
stars, which very strongly corroborate the idea of their ex- 
traneous or cosmtcaJ origin, and their circulation round the 
suQ in definite orbits. On several occasions they have been 
observed to appear in nunsual, and, indeed, astonishing 
numbers, so as to convey the idea of a shower of rockets, 
and brilliantly illominating the whole heavens for hours 
together, and that not in one locality, but over whole con- 
tinents and oceans, and even (in one instance) in both hemi- 
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spheres Now it is extremely remarkable that, whenever 
this great display has been exhibited (at least in modern 
times), it has uniformly happened on the night between the 
12th and 18th, or on that between the 13th and 14th of 
November Such cases occurred in 1799, 1832, 1833, and 
1834 On tracing back, the records of similar phenomena, 
it has been ascertained, moreover, that more often those 
identical nights, but sometimes those immediately adjacent, 
have been, time out of mind, habitually signalized by such 
exhibitions Another annually recurring epoch, in which, 
though far less brilliant, the display of meteors is more 
certain (for that of November is often interrupted for a 
great many years), is that of the 10th of August, on which 
night, and on the 9th and lltb, numerous, large, and bngbt 
shooting stars, with trains are almost snre to be seen 
Other epochs of periodic recurrence, less marked than the 
above, have also been to a certain extent established 
(901 ) It IB impossible to attribute such a recurrence of 
identical dates of very remarkable phenomena to accident 
Annual periodicity, irrespective of geographical position, 
refers us at once to the place occupied by the earth in its 
annual orbit, and leads direct to the conclusion that at that 
place the earth incurs a liability to freque^it encounters or 
concurrences with a stream of meteors in their progress of 
circulation round the sun Let us test this idea by pur 
suing It into some of its consequences In the first place 
then, supposing the earth to plunge, in its yearly circuit, 
into a uniform ring of innumerable small meteor planets, 
of such breadth as would bo traversed by it in one or two 
days, since during this small time the motions, whether of 
the earth or of each individual meteor, may be taken as 
uniform and rectilinear, and those of all the latter (at the 
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place and time) parallel, or verj nearly so, it will follow 
that the relative motion of the meteors referred to the earth 
as at rest, will be also noiform, rectilinear, and parallel 
Viewed, therefore, from the centre of the earth (or from any 
point m its circumference, if we neglect the diurnal velocity 
as very small compared with the annual) they will all appear 
to diverge from a common point, fiztd tn relation to (he cela 
Ual sphere^ as if emanating from a sidereal apex (art 115) 
(902 ) Now this la preciselj what actually happens The 
meteors of the 12th-14ih of November, or at least the last 
majority of them, desenbe apparently arcs of great circles, 
passing throQgh or near r Leonts No matter what the 
situation of that star with respect to the horizon or to its 
east and west points may be at the time of observation, 
the paths of the meteors all appear to diverge from that 
star On the 9th-lUh of Angust the geometrical fact is the 
same, the apex only diSenog, B Camclopardah being for 
that epoch the point of divergence As we need not sup 
pose the meteonc ring coincident m its plane with the 
ecliptic, and as lor a rmy of meteors we may substitute 
an elliptic annulus of auy reasonable ezcentncity, so that 
both the velocity and direction of each meteor may differ 
to any extent from the earth’s, there is nothing in the great 
and obvious difference in latitude of these apices at all milt 
tating against the conclosion 

(903 ) If the meteors be uniformly distnbuted in such a 
Ting or elliptic annulns, tbe earth's enconnter with them 
in every revolution will be certain, if it occur once But 
if the ring be broken, if jt be a succession of groups re 
volviDg in an ellipse m a period not identical with that of 
the earth, years may pass without a rencounter, and when 
such happen, they may differ to any extent in their inten 
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spheres Now rt is extremely remarkable that, whenever 
this gre-it display has been exhibited (at least in modern 
times), it has uniformly happened on the night between the 
12th and ISth, or on that between the ISth and 14th of 
November Such cases occurred m 1799, 1832, 1833, and 
1884 On tracing back the records of similar phenomena, 
it has been ascertained, moreover, that more often those 
identical nights, but sometimes those immediately adjacent, 
have been, time out of mind, habitually signalized by such 
exhibitions Another annually recurring epoch, in which, 
though far less brilliant, the display of meteors is more 
certain (for that of November is often interrupted for a 
great many years), is that of the 10th of August, on which 
night, and on the 9th and lltb, numerous, large, and bright 
shooting stars, with trains, are almost sure to be sees 
Other epochs of periodic recurrence, less marked than the 
above, have also been to a certain extent established 
(901 ) It is impossible to attribute such a recurrence of 
identical dates of very remarkable phenomena to accident 
Annual periodicity, irrespective of geographical position, 
refers us at once to the place occupied by the earth in its 
annual orbit, and leads direct to the conclusion that at that 
place the earth incurs a liability to encounters or 
concurrences with a stream of meteors in their progress of 
circulation round the sun Let us test this idea by pur 
smog It into some of its conseqnences In the first place 
then, supposing the earth to plunge, in its yearly circuit, 
into a nmform nng of innumerable small meteor planets, 
of such breadth as would be traversed by it in one or two 
days, since during this small time the motions, whether of 
the earth or of each individual meteor, may bo taken as 
uniform and rectilinear, and those of all the latter (at the 
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place and time) parallel, or \crj ncarl) so, it will follow 
that the relati\ e motion of tUc meteors referred to the earth 
as at rest, will be also uniform, rectilinear, and 'parallel 
Viewed, therefore, from the centre of the earth (or from any 
point in Its circumference, if we neglect the diurnal velocity 
as very small compared with tlio annual) they will all appear 
to diverge from a common poioi, fixed relation to Uie cela 
iial sphere, as if emanating from a sidereal apev (art 115) 
(902 ) Now this IS precisely what actually happens The 
meteors of the 12th-14th of November, or at least the vast 
majority ol them, describe apparently arcs of great circles, 
passing through or near r l*eoms No matter what the 
situation of that star with respect to the honzon or to ita 
cast and west points may be at the lime of observation, 
the paths of the meteors all appear to diverge from that 
star On the 9th-lltb of August the geometrical fact is the 
same, the apes only diffcnog, B Camclopardali being for 
that epoch the poiut of divergence As we need not sup 
pose the meteoric ring coincident m its plane with the 
ecliptic, and as lor a ring of meteors we may substitute 
an elliptic annulus of any reasonable escentncity, bo that 
both the velocity and direction of each meteor may differ 
to any extent from the earth’s, there is nothing in the great 
and obvious difference tn latitude of these apices at all mih 
tating against the conclusion 

(903 ) If the meteors be uniformly distributed in such a 
nng or elliptic aunulus, the earth s encounter with them 
in every revolution will be certain, if it occur once But 
if the nng be broken, if it be a aucoession of groups re 
volving in an ellipse m a penod not identical with that of 
the earth, years may pass without a rencounter, and when 
such happen, they may differ to ony extent in their inten 



otr//s/9 or i‘iTro\OMi 

«jt\ o{ clmnclcr, according on nclirr or poorer groups ba\o 
Wen rneotmt<*rr<} 

(P*M ) No oiber plftusjbte exphnaUon of ihcfie highly 
clnracfenfltjc fcaiiirra (ih© Annual penotJjcjlp an I djvcr 
pence from n common apex, oW i ji atile for tneh res]yfcUi<! 
e/xhr/) liM been c^pn nttcmptcl, nnl aeconfingJ^ the ojinioo 
lagcntrnllr gaining gmutij among astronomew that elioot 
ing atari belong to thetr department of acicnce, and great 
interest m excited in Cbeir oWcreaiion and the farther 
dcvilopmcnt of llKir lawa The finil connected nnd ayato 
nntiftjicnci of ob/ienationa of them, haiing for their ol>;ect 
to trace out ihcir rffolite path* with respect U> the earth, 
are ihoae of Ren*’'‘nbefg and Brendr«, who, by noting tho 
inflbvnta nnd apparent placce of appearance and extinction, 
as well na the prcci«o ap| went palhi among the elars, of 
inditidual rneteon*, from IheeTlrcmiljes of a mcMurcd haw 
line nearly fii) 000 feet in length, were led to conclude that 
their hcighu at tho instant of their npj>earoDCO nnd disap 
{fcnmnco vary from 10 miles to 2 - 10 , and their relatire 
>clociUw from 18 to 30 tndcs per second, sclocitics ao 
great as clearly to indicate an indopendeot planetary circu 
lation round tho aun [A >cry remarkable meteor or bolide, 
which appeared on the IPth August 1847, waa observed at 
Dieppe nnd at Pans, with sunicicnt jircciaion to admit of 
calculation of tho elements of its orbit tn absolato apace 
This calculation has been performed by M Petit director 
of the observatory of Toulouse, nnd tho following hyperlohc 
elements of its orbit round Me sun are stated by him (Astr 
Nacbr 701) as Us result, vix Semimajor axis s= —0 S240083, 
orccntrKity •==■ 3 35180, penheiioa ^ 0 95620, inch 

nation to plane of the earth's i^uator, 18* 20 18', ascending 
node on the same plane, lO* 34 48', motion direct. Ac 
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cording to this calculitioo, tbo body would have occupied 
po less than 37340 years in tra\oning from the distance of 
the nearest fixed star supposed to have a parallax of I'.J 
(905 ) It IS by no means inconceivable that the earth np 
proaching to such as differ but little from it in direction 
and velocity, may havo attached many of them to it as 
permanent satellites, and of these there may be some so 
la^e, and of such lextnre and solidity, as to shine by re 
fleeted light, and become visible (such, at least, as are very 
near the earth) for a brief moment, suffering extinction by 
plunging into the earth’s shadow, in other words, under 
going total eclipse Sir John Lnbbock is of opinion that 
sneb is the case, and has given geometrical formal® for 
calculating their distances from observations of this nature '* 
The observations of M Petit would lead us to believe in 
the existence of at least one sneb body, revolving round the 
earth, as a satellite, to abont d hoor^ 20 minutes, and there 
fore at a distance equal to 2 615 radu of the earth from its 
centre, or 6,000 miles above its surface ’* (See Note N ) 

(905 a ) In art 400 the generation of heat by friction is 
suggested as affording a possible explanation of the supply 
of solar heat, without actual combustion A very old doc 
trine, advocated on grounds anything rather than reasonable 
or even plausible by Bacon, but afterward worked into 
a ciroumatantial and elaborate theory by the elder Seguin, 
which makes heat to consist lo a coutmual, rapid, vibratory 
or gyratory motion of the particles of bodies, has of late 
been put forward into great prominence by Messrs Mayer 
and Joule and Sir "W Thomson, according to this theory 
motion once generated or however originating, is never 
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destroyed, bat continues to subsist m the form of “via 
vi\a” ftmong the molecules of bodies, even when by their 
impact or mutual obstroction they appear to have been 
brought to rest.** Tho "vis viva” only takes another form, 
and IS disseminated, os increased vibratory or gyratory 
movement, among their molecules, ns such jt is heat, or 
light, or both, and is communicated to the molecules of the 
luminiferous ether, and ao distributed throughout that 
ether, constitutiag the phenomena of radiant light and 
beat Granting a few postulates (not very easy of concep 
tion, and still less so of admissioo when conceived), this 
theory is not without its plausibility, and certainly does 
(on its own conventions) give a consistent account of the 
production of heat by friction and impact It has been ap 
plied by Mr Waterson and Sir W Thomson to explain the 
evolution of solar light and heat, as follows According to 
the former, the meteorohtes which, revolving m very excen 
trio or cometic orbits, arrive wjtbin the limits of the solar 
atmosphere are precipitated on the sun’s surface m such 
abundance, and with such velocity, as to generate in the 
way above described the totality of the emitted radiants 
Sir W Thomson, undismayed as would appear by the per 
petual battery thus kept up on the sun b surface (on every 
square foot of which, on Mr 'Waterson’s view of the sub 
ject, a weight of matter equal tod lbs would require to be 
delivered per hour with a velocity of 390 miles per second, 
covering the whole surface with stony or other solid ma 
tenal, to the depth of 12 feet per annum, if of the density 
of granite), prefers to consider the nebula of the zodiacal 
light m a vapottna state as continually anbaidiBg into the 

” Oa this point see a paper by Ibe AnOunr oa the absorption of 1 ght lend, 
tchd Ed. FtoL t&g and Joum , 3d senw, ilu No 18, Dec 1833 
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BUD, bj gr&doal spiral approach, antil saddenly meeting 
Tnlb greatly increased xeslstance in its atmoaphero (as ar* 
nnng in a state of more rapid revolution) by friction on the 
external envelope or photosphere of its surface (art 889), pro- 
ducea there the heat and light actually observed; whereas 
the theory of Mr. ‘Waterson would place its ongm on the 
solid surface itself, contrary to the observed fact.” Our 
readers will judge for themselves what degree of support 
the telescopic aspect of the sun’s surface as described in 
arts S8&-395, and especially 3S7 o, Hot© G, affords 


** The qneotity ol matter aneuall/ required to be deposited on the bud, 
irheiher Id e pulreruleot, liquid or rtfioroua form, by 8ir W Thomion’e the- 
ory, u oe&rly double of that ailed for by Ur WetereoD’e, vi£. 21 feet of grsoite 
per aosum fee mile la 260 years, to tbtt th« iud’i appereal diameicr woold 
oe iQcreuiDjt »t the rate ot ateat I" per lOD 000 rears oo thl* liypotlieBis 
In the ' UsQuet de U Scienee ou Anauaire du Cotmos” for IS60 loathe 
Abb4 Uotsno (» «orle «t high latereat. aod generally speaking of great impar 
uality Ib the diseuasioa of claims to ecieonde pnoniy) pp 85 6 I 2 **pdrfw, 
this article is so tnoslated (probably for want of a perfect appreciation of the 
force of the espretaions used io ii) as to convey an tioqualiOed adhesion to 
the theory la queailon aod to U Sefnilo’s doctnoe This botrever (espoeially 
the latter, aa stated st length la Pc 1. pp 214 t( ) I am eery tar (mm 
prepared to give —end the English reader mil I presume consider the terms 
employed quilo aufflaenUr guai^ed even as respects Ibe general principle to 
asy nothing ol the speciaJUes ol U. Seguln's theory —[.Vole added, 1859 ] 
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' PART IV 

OF TIIE AOOOUNT OF TIME 

CHAPTER XVIIl 

ITatuts] tlnits of ReIa({on of the Sidoreal to the Solar Daj Afiected 

bf Pfecesslon— IneodUQoaaunfa of the Dij aod Fear^Ics Incoa 

vesieQce— Hon' Obriated— Tho Julian Caleodar-olnognlaritfea at ita 
first Introduction — lUformed Angustua— Gregorian Sefonnstion— > 

Solar and Lunar Oyclea — ^Indtetion— Julian Period— Table o! Cbrono* 
logical Eras — Buies for Calculating the Dajs Elapsed Between Given 
Dates — Equinoctial Time— Pixation of Andent Dates bf Eclipses 

(906 ) Tiiffi, liLe dtstaoce, 0107 be measured bj com* 
parison with standards of any length, and all that is reqtu* 
site for ascertaining correctly the length of any interval, is 
to be able to apply the standard to the interval throughout 
Its whole extent, without overlapping on the one hand, or 
leaving unmeasured vacancies on the other, to determine 
without the possible error of a unit, the number of integer 
standards which the iater\al admits of being interposed 
between its beginning and end, and to estimate precisely 
the fraction, over and above an integer, which remains 
when all the possible integers are subtracted 

(007 ) But though all standard units of time are equally 
possible, theoretically speaking, yet all are not, practically, 
equally convenient The solar day is a natural interval 
which the wants and occupations of man in every state of 
society force upon him, and compel him to adopt ns his 
fundamental unit of time Its length ns estimated from the 
departure of the sun from t given meridian, and its next 
return to the same, is subject, it is true, to on annual fluo- 
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taatioD in excess and defect of its mean value, amounting 
at its maximnni to fall half a minute Bat except for 
astronomical purposes, this is too small a change to inter 
(ere in the slightest tlegreo with its use, or to attract any 
attention, and the tacit aabstitution of its mean for its trae 
(or variable) valoe may be considered os having been made 
from the earliest ages, by tho ignorance of mankind that 
any sneb flactaation existed 

(903 ) The time occupied by one complete rotation of the 
earth on its axis, or the mean* sidereal day, may be shown, 
on dynamical principles, to be subject to no vanation from 
any external cause, and although its duration would be 
shorteDcd by contraction in the dimensions of the globe 
Itself, such as might arise from the gradual escape of its 
interoal heat and conseqoent refrigeration and shnnktng 
of the whole mass, yet theory, on the one hand has ren 
dered it almost certain that this cause cannot have effected 
any perceptible amount of change during the history of the 
human race, and, ou the other the companeon of ancient 
and modern observations oSords every corroboration to this 
conclusion From such compansons Laplace has concluded 
that the sidereal day has not changed by so much as one hun 
dredth of a second since the lime of Hipparchus The mean 
sidereal day therefore possesses m perfection the essential 
qnal ty of a standard unit that of complete invariabihty 
The same 13 true of the mean sidereal year if estimated upon 
an average sufficiently large to compensate the minute fiuctu 
ations arising from the periodical variations of the major axis 
of the earth s orbit due to planetary perturbation (art 668) 

(909 ) The mean solar day is an immediate derivative of 

* Tba true 8 dereal da/ s ra able br tbe eCcet ol uutat on but the rana* 
tloa (an excess rely m uute tract on of tto whole) compensatea itself In a rerolu 
don ol the moon a nodes 
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the Sidereal day and year, beiog connected with them by the 
same relation which determines the synodic from the sidereal 
revolutions of any two planets or other revolving bodies 
(art 418) The exact delermination of the ratio of the 
sidereal to the solar day, which is a point of the utmost 
importance in astronomy, is, however, in some degree, 
complicated by the effect of precession, which renders it 
necessary to distinguish between the absolute time of the 
earth’s rotation on its axis (the real natural and invariable 
standard of comparison), and the mean interval between two 
successive returns of a given 
star to the same meridiaa, or 
ratherof agiveomendian to 
the same star, which not only 
differs by a minute quantity 
irom the sidereal day, but is 
actually not the same for all 
stars As this is a point to 
which a little difficulty of 
conception IS apt to attach, it 
Will be necessary to explain 
it in some detail Suppose 
then jr the pole of the ecliptic, and P that of the equinoctial, 

A 0 the solstitial colure at any given moment of time, and 
P p j r the small circle described by P about r m one rovo 
lution of the equinoxes, * e in 25870 jears or 9448300 solar 
dajs, all projected on the plane of the ecliptic A B C D 
Let S be a star anywhere sitoated on the ecliptic, or leliceen 
it and the small circle Pgr Then if the pole P were at 
rest a meridian of the earth setting out from P S 0 and 
revolving in the direction 0 B, will come again to the star 
after the exact lapse of one sidereal day, or one rotation of 
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the earth on itR axis. But P is not at rest. After the lapse 
o! one snch day tt will have come into the situation (sup* 
pose) p, the vernal equinox B having retreated to 6, and the 
colure P C having taken up the new position pc. Now 
a conical movement impressed on the axis of rotation of a 
globe already rotating is equivalent to a rotation impressed 
on the whole globe round the axis of the cone, in addition 
to that which the globe has and retains round its own inde- 
pendent axis of revolution. Such a new rotation, in trans- 
ferring P to p, being performed round an axis passing 
through V, will not alter the situation of that point of the 
globe which has « in its zenith. Hence it follows that p * e 
passing through it will be the position taken up by the 
meridian P )r 0 after the lapse of an exact sidereal day. 
But this does not pass through S, but falls short of it by 
the hour-angle « p S, which is yet to be described before 
the meridian comes up to the star. The meridian, then, has 
lost so much on, or lagged so much behind, the star in the 
lapse of that interval. The same is true whatever be the arc 
P p. After the lapse of any number of days, the pole being 
transferred top, the spherical angle wp S will measure the 
total hour angle which the meridian has lost on the star. 
Now when S lies anywhere between C and r, this angle 
continually increases (though not uniformly), attaining ISC' 
when p comes to r, and still (as will appear by following 
oat the movement beyond r) increasing thence till it attains 
360° when p has completed its circuit. Thus in a whole 
revolution of the equinoxes, the meridian will have lost one 
exact revolution upon the star, or in 9448300 sidereal days 
will have reattamed the star only 9448299 times; in other 
words, the length of the day measured by the mean of the 
successive arrivals of any star outside of the circle P p j r 
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on one and the same meridian is to the absolute time of 
rotation of the earth on its axis as 9448300 9448299, 

or as 1 00000011 to 1 

(910 ) It IS otherwise of a stor situated within this circle, 
as at a For such a star the angle * p <r, expre&sing the lag* 
gtag of the meridian, increases to a maximum /or some 
situation of p between j and r, and decreases again to o at 
r, after which it takes an opposite direction, and the mend 
lan begins to get in advance of the star, and cootinaas to 
get more and more so, till p baa attained some point between 
s and P, where the advance is a maximum, and thence de 
creases again to o when p has completed its circuit For 
any star so situated, then, the mean of all the days so esti 
mated through a whole period of the equinoxes is an abso 
lute sidereal day, aa if precession had no existence 

(911 ) If we compare the sun with a star situated in the 
ecliptic, the sidereal year is the mean of all the lotervals of 
Its arrival at that star throughout indedmte ages, or (without 
fear of sensible error) throughout recorded history Now, 
if we would calculate the synodic sidereal revolution of the 
sun and of a meridian of the earth by reference to a star so 
stlualed, according to the principles of art 418, we must 
proceed as follows Lot I? be the length of the meia solnr 
day (or synodic day m question), d the mean sidereil rev 
olution of the meridian wtt reference to the same star, 
and y the sidereal year Then the arcs described by the 
gun and the meridian in the interval D will be respectively 

360® — and S60® S And since the latter of these exceeds 

the former by precisely 860®, we have 

860" ?=S60° 5 +860", 
d If 
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whence it follows that 

2 = 14.5 = 100273780 , 

taking the value oi the aiilereal year y as given in art 883, 
viz. 860* 6* 9* 9 6*. But, as.we have seen, d is not the abso- 
lute sidereal day, but exceeds it in the ratio 1*00000011 ; 1. 
Hence to get the value of the mean solar day, as expressed 
in absolute aldeieal days, the. nuudiet above set down must 
be increased in the same ratio, which brings it to 1*00278791, 
which is the ratio of the solar to the sidereal day actually in 
use among astronomers. 

(912.) It would be well for chronology if mankind 
would, or could hare contented themselves with this one 
invariable, natural, and convenient standard m their reckon- 
ing of time. The ancient Egyptians did bo, and by their 
adoption of a historical and official year of 865 days have 
afforded the only example of a practical chronology, free 
from all obscurity or complication. But the return of the 
seasons, on which depend all the more important arrange- 
' meats and business of cultivated life, is not conformable to 
such a multiple of the diurnal unit. Their return is regu- 
lated by the tropical year, or the interval between two suc- 
cessive arrivals of the sun at the verual equinox, which, as 
we have seen (art. 883), differs from the sidereal year by 
reason of the motion of the equinoctial points. Now this 
motion is not absolutely untfom, because the ecliptic, upon 
which It is estimated, is gradually, though very slowly, 
changing its situation in space under the disturbing influ- 
ence of the planets (art. &4(^ And thus arises a variation 
in the tropical year, which is dependent on the place of the 
equinox (art 383) The tropical year is actually about 4 21‘ 
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shorter than it was in tho time of Hipparchos This ab 
senco of the roost essential requisite for a standard, viz la 
variability, renders it necessary, since wo cannot help em 
ploying tho tropical year in our reckoning of time, to adopt 
an arbitrary or artificial value for U, so near the truth as 
not to admit of the accumulation of its error for several cen 
tunes producing any practical mischief, and thus satisfying 
the ordinary wants of civil life, while, for scientific p«r 
poses, the tropical year, so adopted, is considered only as the 
representative of. a certain number of integer days and a 
fraction — the day being, m effect, the only standard era 
ployed The ease is nearly analogous to the reckoning of 
value by guineas and shillings, an artificial relation of the 
tTPo coins being fixed by law, near to, but scarcely eier ex 
actly coincident with, the natural one, deternsined by tho 
relative market price of gold and silver, of which either the 
one or the other— whichever is really the most invariable, 
or the most in use with other nations— may be assumed ns 
the true theoretical standard of value 

(913 ) The other inconvenience of the tropical year as a 
greater nmt is its incommensurability with the Jesser In 
our measure of space all our subdivisions are into aliquot 
parts a yard is three feet a mile eight furlongs, etc But 
a year is no exact number of days, nor an integer number 
with any exact fraction, as one third or one fourth, over and 
above, but the surplus is an rncommensurabh fraction, com 
posed of hours, minutes, seconds etc , which produces the 
same kind of inconvenience in the reckoning of time that it 
would do in that of money, if we had gold coins of the 
value of twenty one shilling, with odd pence and farthings, 
and a fraction of a farthing over For this, however, there 
i 3 no remedy but to keep a atnet register of the surplus 
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fractions; and, when thej amount to a whole day, cast them 
over into the integer account. 

(914.) To do this in the simplest and most convenient 
manner Is the object of a wcII>Adjuslcd calendar. In the 
Gregorian calendar, which we follow, it is accomplished with 
considerable simplicity and neatness, by carrying a little far* 
ther than is done above, the prmctplc of an assumed or arti* 
ficial year, and adopting iico such years, both consisting of 
an exact integer namber of days, viz. one of 8C5 and the 
other of 866, and laying down a simple ami easily remem* 
bered rule for the order in which these years shall .succeed 
each other in the civil reckoning of time, so that during the 
lapse of at least pome thousands of yean the snm of the in- 
teger artificial, or Gregorian, years elapsed Bhall not differ 
from the same number of real tropical years by a whole clay. 
By this contrivance, the equinoxes and solstices will always 
fail on days similarly situated, and bearing the same name 
in each Gregorian year; and the seasons will forever corre- 
spond to the same months, instead of running the round of 
the whole year, as they must do upon any other system of 
reckoning, and nsed, in fact, to do before this was adopted, 
as a matter ol ignorant bapha 2 iaTd in the Greek and Homan 
chronology, and of stnctly defined and superstitiously ngor 
ous observance in the Egyptian. 

(915.) The Gregorian rule is as follows; — The years are 
denominated as years current (no< as years elapsed) from the 
midnight between the 81st of December and the Ist of Janu- 
ary immediately subsequent to the birth of Christ, accord- 
ing to the chronological determination of that event by 
Dionysius Exigaus. Every year whose number is not di- 
visible by 4 without remainder, consists of 865 days; every 
year which is so divisible, but is not divisible by 100, of 
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866, every ye-^r divisible by 100, but not by 400, again of 
865, and every year divisible by 400, again of 866 For 
example, the year 1833, not being divisible by 4, consists of 
365 days, 1836 of 366, 1800 and 1900 of 365 each, but 2000 
of 366 In order to see how near this rule will bring us to 
the truth, let us see what number of days 10000 Gregorian 
years will contain, beginning with the year ADI Now, 
in 10000, the numbers not divisible by 4 will be 3 of 10000 
or 7600, those divisible by 100, but not by 400, will in like 
manner be 3 of 100, or 76, so that, in the 10000 years m 
question, 7676 consist of 365, and the remaining 2425 of 366, 
producing in all 8652425 days, which would give for an 
average of each year, on© with another, 365* 2425 The 
actual value of the tropical year (art $83), reduced into a 
decimal fraction, is 865 24224, so the error in the Grcgonan 
rule on 10000 of the present tropical years, is 2 0,'or 2* 14* 
24" , that IS to say, less than a day in 8000 years, which is 
more than sufEcient (or all huiuan purposes, those of the 
astronomer excepted, who la lo no danger of being led into 
error from this cause E^eo this error is avoided by ex 
tending the wording of the Gregorian rule one step further 
than Its contrivers probably thought it worth while to go, 
and declaring that years divisible by 4000 should consist of 
865 days This would take off two integer days from the 
above calculated number, and 2 5 from a larger average, 
making tho sum of days in 100000 Gregorian years, 86524226, 
which differs only by a single day from 100000 real tropical 
years, such as they exist at present * 

(916 ) In the hiatoncal ^ting of events there is no year 
ADO The year immediately previous to A.D 1 is al 
ways called B 0 1 This must always be borne in mmd in 
> Swaotff ^ «tU»eadof ttediap'cr 
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reckoning chronologicil amJ astronomical intervals. The 
sum of the nominal years B.C. and A.D. must be dinun- 
ished by 1. Thus, from Jaooary 1, B.C. -1718. to January 
1, A.D. 1582, the years elapsed are not 6295, but 6294. 

(917.) As any distance along a higbroad might, though 
in a rather inconvenient and roundabout way, be expressed 
without introducing error by setting up a series of mile- 
stones, at intervals of unequal lengths, so that every fourth 
mile, for instance, should be a yard longer than tho rest, or 
according to any other Oxed rule; taking care only to mark 
the stones so as to leave room for no mistake, and to adver- 
tise all travellers of the dtfTcrencc of lengths and their order 
of succession; so may any interval of time bo expressed 
correctly by stating in what Gregorian years it begins and 
ends, and rvherenhout in each. For this statement coupled 
with the declaratory role, enables us to say how many In- 
teger years are to be reckoned at 865, and how many at 806 
days. The latter years are called bis<<cxtilc8, or leap-^cars, 
and the surplus days thus thrown into the reckoning arc 
called inlercalary or Uap-dat/s, 

(918 ) If the Gregorian rule, as above stated, had always 
and in all countries been known and followed, nothing 
would be easier than to reckon the number of days elapsed 
between the present time, and any historical recorded event. 
Bat this is not the case, and the history ot the calendar, 
with reference to chronology, or to the calculation of ancient 
observations, may be compared to that of a clock, going 
regularly when left to itself, but sometimes forgotten to be 
wound up; and when wound, sometimes set forward, some- 
times backward, either to serve particular purposes and pri- 
vate interests, or to rectify blunders in setting. Such, at 
least, appears to bare been the case with the Boman calen- 
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dar, in which our own originates, from the time of Numa to 
that of J uhus Caisar, when the lunar year of 13 months, or 
365 days, was augmented at pleasure to correspond to the 
solar, by which the seasons are determined, by the arbitrary 
intercalations of the priests, and the usurpations of the de* 
cemvira and other magistrates, till the confusion became in- 
extricable To Julius Caesar, assisted by Sosigenes, an emi- 
nent Alexandrian astronomer and mathematician, we owe 
the neat contrivance of the two years of 865 and 866 days, 
and the insertion of one bissextile after three common years 
This important change took place in the 46th year before 
Christ, which he ordered to commence on thelst of January, 
betny the day of the new moon tmmedialely following the winter 
soUiiee of the year before We roayjndge of the state into 
which the reckoning of time had fallen, by the fact, that to in 
troduce the new system it was necessary to enact that the pre 
Tiousyear, 46B 0 , should consistof 445 days, a circumstance 
which obtained for it the epithet of "the year of confusion " 
(919 ) Had Csesar lived to carry out into practical effect, 
as Chief Pontiff, his own refonnatioD, an inconvenience 
would have been avoided, which at the very outset threw 
the whole matter into confusion The words of his edict 
establishing the Julian system have not been banded down 
to us, but it 18 probable that they contained some expression 
equivalent to ‘‘every fourth year, ’ which the priests misin- 
terpreting after Lis death to mean (according to the sacer- 
dotal system of numeration) as counting the leap year newly 
elapsed as No 1, of the four, intercalated every third instead 
of every 4th year This erroneous practice continued dur- 
ing 86 years, in which therefore 12 instead of 9 days were 
intercalated, and an error of three days produced; to rectify 
which, Augustus ordered the guspensiou of all intercalation 
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during three complete qxiadrtenma — thus restoring, as may 
he presumed his intention to hate been, the Julian dates for 
the future, and re establishing the Julian system, which nas 
ne\er afterward vitiated by any error, till the epoch when 
Its own inherent defects gave occasion to the Gregorian ref 
ormation According to the Augustan reform the jears 
A U 0 761, 765, 769, etc , which we now call ADS, 12, 
16, etc , are leap years And starting from fAi? as a certain 
fact (for the statements of the transaction by classical authors 
are not so precise as to leave absolulehj no doubt as to the 
previous intermediate year*), astronomers and chronologists 
have agreed to reckon backward m unbroken succession on 
this principle, and thus to carry the Julian chronology into 
past time, as if it had never suffered such interruption, and 
as xf It were certain* that Cssar, by way of securing the m 
tercalatioD as a matter of precedent, made his initial year 45 
B 0 a leap year Whenever, therefore in the relation of 
any event, either in ancient history, or m modern previous 
to the change of style, the time is specified m our modern 
nomenclature, it is always to be understood as having been 
identified with the assigned date by threading the mazes 
(often very tangled and obscure ones of special and na 
tional chronology and refemng the day of its occurrence 
to Its place in the Julian system so inlerpreted 

(920 ) Different nations in different ages of the world 
hare of course reckoned their time in different ways, and 

’ Seal ger Ideler and () e bast author t es co s der it probable A strong 
U not dec sWo argument is ua Caeor U tl at \uguaiua eWdentii/ tnbnd nj to 
reinsiati the Julian idea and mtb a dear t cw of tbe recent incooTeniences 
present to h s mind d d actually d reel iho {uturo Interci Uc ons to take place ia 
odd years U C. Such iheo no doubt, must h re been Cu.aar s intention For 
the correcioo of Roman dates duttng the fifty two years between tl e Jut an 
and Augustan rcfonsations see Ideler Handbuch der IfsihetDalischeo und 
Tecbniachen Chronologie wb eh «e take for our gu de throughout this 
chapter 
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from different epochs, and it is therefor© a matter of great 
convenience that astronomers and chronologists (as they 
have agreed on the uniform adoption of the Julian system 
of years and months) should also agree on an epoch antece 
dent to them all, to which, as to a fixed point in time, the 
whole list of chronological eras can be differentially referred 
Such an epoch is the noon of the Ist of January, B C 4718, 
which is called the epoch of the Julian period, a cycle of 
7980 Julian years, to understand the origin of winch, we 
must explain that of three subordinate cycles, from whose 
combination it takes its nse, by the multiplication together 
of the numbers of years severally contained in them, viz. 
the Solar and Lunar cycles, and that of the indictions 
(921 ) The Solar c;cle consists of 28 Julian years, after 
the lapse of which the same days of the week on the J uhan 
system would always return to the same days of each month 
throughout the year For four such years consisting of 1461 
days, which is not a multiple of 7, it is evident that the 
least number of years which will fulfil this condition must 
be seven times that interval, or 28 years The place in this 
cycle for any year A D , aa 1849, is found by adding 9 to 
the year, and dividing by 28 The remainder is the number 
sought, 0 being counted as 28 

(922 ) The Lunar cycle consiste of 19 years or 286 luna* 
tions, which differ from 19 Julian years of 3654 days only 
by about an hour and a half, so that, supposing the new 
moon to happen on the first of January, m the first year of 
the cycle, it will happen on that day (or withui a very short 
time of Its beginning or ending again after a lapse of 19 
years, and all the new moons in the interval will run on the 
same days of the month as in the preceding cycle This 
period of 19 years is sometimes called the ifetonic cycle, 
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Irom Its discoverer ileton, an Atbennti mathematician, a 
discovery duly appreciated by his countrymen, as insuring 
the correspondence between the lunar and solar years, the 
former of which was followed by the Greeks Public hon 
ors were decreed to him for this discovery, a circumstance 
very expressive of the annoyance which a lunar year of 
necessity inflicts on a civilized people, to whom a regular 
and simple calendar is one of the first necessities of life A 
cycle of 4x19—76 years was proposed by CaUippus as a 
supposed impro\ement on the Metonic, but in this intenal 
the errors accumulated to 6 hours and in 4x76=301 years 
to an entire day To find the place of a given year in the 
lunar cycle (or os it is called the Golden Number) add 1 to 
the number of the year A B , and divide by 19, the re* 
maiader(orl9 if exactly duisible), is the Golden Number 

(923 ) The cycle of the indictions is a period of 15 yean 
used in the courts of law, and in the fiscal organization of 
the Boman empire, under Constantine and his sneoessors, 
and thence mtrodaced into legal dates, as the Golden. Num 
her, serving to determine Easter, was into ecclesiastical 
ones To find the place ol a year in the indiotion cycle, 
add 8 and dmde by 16 The remainder (or 15 if 0 remain) 

15 the number of the indictional year 

(924 ) If we multiply together the numbers 28 19 and 

16 we get 7980, and therefore, a period or cycle of 7980 
years wiU bnng round the years of the three cycles again in 
the same order, so that each year shall hold the same place 
in all the three cyclM as the corresponding year in the fore 
going period As none of the three nnmbers in question 
have any common factor, it is evident that no two years in 
tfUe same compound period can agree in all the three par- 
ticulars so that to specify the numbers of a year in each of 
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those cycles js, id fact, to specify the year, if within tha 
long period, which cmbracti the entire of authentic cliro 
nolog} The period thus ansing of 7980 Julian years, i 
called the Julian period, and it has been found so useful 
that the moat competent authorities have not hesitated to 
declare that, through its employment, light and order were 
first introduced into chronolog} * We owe its intention or 
rcvnal to Joseph Scaligcr, who is said to havercceiicd it 
from the Greeks of Constantinople Tho first year of the 
current Julian period, or that of which the number in each 
of the throe subordinate cycles is 1, was the year 4713 B C , 
and the noon of tho Ist of January of that year, for the 
meridian of Alexandria, is the chronological epoch, to which 
all historical eras are most readilj and intelligibly referred, 
by computing tho number of integer days intervening be 
tween that epoch and the noon (for Alexandria) of the da}, 
which is reckoned to be the first of the particular era in 
question Tho meridian of Alexandria is chosen as that to 
which Ptolemy refers the commencement of the era of No 
bonassar, the basis of ail bis calculations 

(925 ) Given the year of the Julian period, those of the 
subordinate cycles are easily determined as above Con 
versely, given the years of the solar and lunar cycles and of 
the indiction, to determine the year of the Julian period 
proceed as follows —Multiply the number of the year in 
the solar cycle by 4845, in the lunar by 4200 and in the 
Cycle of the Indictions by 6916 divide the sum of the prod 
ucts by 7980, and the remainder is the year of the Julian 
period sought 

(926 ) The following table contaius' these intervals for 
some of the more important historical eras — 


* Idel«, Haadbnch, etc., 7oL L p. S7 
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Jakrtc^ Hi Dcijt leteten the Commeneemet^ «/ Julian Period, and that «f 
tome ether remarkaiU chremeiej$atl and asfr^omloal Prae* 
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(027 ) Tho (IctcrminaUoo of tho ctact jntcr\al between 
nn) two given dates, is a matter of such importance, and, 
unless mcthoiUcally performed, is so very liable to error, 
that the following rules will not bo found out of place In 
tlio first place U must bo remarked, gonenlly, that a date, 
whether of a da^ or j ear, always expresses the day or year 
current and not elapsed, and that tho designation of a year 
A D or U C is to bo r^arded as the name of that year, 
and not <ij a mere numher umn/errtipfed/y designating the 
place of the year in the eeate of time Thus in the date 
dan fi, B C 1, Jan C docs not mean that 5 days of Jan 
imry in tho jear in question have clop'«ed, hut that 4 have 
elapsed, and tho GtU is current And the B C 1, indicates 
that tA« first day of tho ycir so named (the firtt ) car current 
before Christ) preceded the first day of the vulgar era by 
one >car Tho scale of A D and B 0 , as already ob 
sen cd, is not continuous the year 0 in both being wanting, 
so that (supposing tho vulgar rockonmg correct) our Sa\ lOur 
w as I orn m the j ear B 0 1 

(023 ) To find Me year current of the Julian pertod (J F } 
corresponding (a any gtten year current B C or A D If 
B 0 , subtract the number of the year Iron 4714, if A D , 
add ita number to 47IS For exoroples, see the foregoing 
table 

(02f> ) 7b find tie day current of the Julian period corre 
ejionding to any given date Old iityle Convert the year 
BO or A B into the corresponding year J P as above 
Subtract 1 and divide the number so diminished by 4, and 
call Q tho integer quotient, and R the remainder Then 
will Q be the number of entire yuadrieKma of 1461 days 
each, and R the res^i-’^ears (he first of lohiclf^^ ^uays 
a leap year Gonvf \‘b,daya by the helpf ^ Vfirst 

\ V I 


OUTLlIiES OF ASTRO^OVY 


835 


of the anne:scd t'vbles and H by the second, and the sum 
will be the interval between the Julian epoch, and the com 
mencement, January 1, of the year Then find the days 
intervening between the beginning of January 1, and that 
of the date day by the third table using the column for a 
leap year, where R=0, and that for n common year when 
R IS 1, 2 or 8 Add the days so found to those in Q4*R, 
and the sum will be, the days elapsed of the Julian period, 
the number of which increased by 1 gives the day current 
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(030 ) To find the B'lme for any given date, New Style 
Proceed aa above, considering tlio date as a Julian date, 
and di-^regarding the change of stylo Then from the 
resulting days, subtract as follows 


For any diiU) of Nour Stjrle aatoeedont toUaFcb 1 AD noO 
Alter >cb 23, 1700 sod before Uareh 1, A.D 1800 
“ 1800 *• “ 1900 

“ 1900 • •• 2100 


10 deja. 

11 dsfa 

12 day*. 

13 day* etc. 


(931 ) To find the interval beltoeen any tno dates, tchether 
of Old or New Style, or one of one, and one of the other 
Pind the day current of the Julian period corresponding 
to each date, and tlicir difference is the interval required 
If the dates contain hours, minutes and seconds, they must 
^ be annexed to their reapectivo days current, and the sub 
traction performed as usual 

(932) The Julian rule mad© every fourth year, without 
exception, a bissextile, hegtnnxny with th© year J P 1, 
which ts to be accounted as such This is, m fact, an over 
correction, it supposes the length of the tropical year to 
be 865P, which is too great, and thereby induces an error 
of 7 days lo 900 years, as will easily appear on trial Ac 
cordingly, so early as the year 1414 it began to be per 
ceived that the equinoxes were gradually creeping away 
from the 2l8t of March and September, where they ought 
to have always fallen had the Julian year been exact, and 
happening (as it appeared) too early The necessity of a 
fresh and effectual reform in the calendar was from that time 
continually urged, and at length admitted The change 
(which took place under the popedom of Gregory XHI) 
consisted in the omission of ten* nominal days after the 
4tfa of October, 1582 (so that the next day was called the 


« See note C at the end of this chapter 
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IGlli, Mjtl not tbe 5th) and the promulgation of the rule 
olreadj explained for future regulation The change rras 
adopted immediately in all Catholic countries, but more 
slowly in Protestant In England, **tho change of style,” 
as It was callwl, took place after the 2d of September, 1752, 
eleven nominal days being then struck, out, so that, the last 
day of Old Style being the 2d, the first of New Stylo (the 
next day) was called the 14tb, instead of tbe Sd The same 
legislative enactment nhich established the Gregorian year 
in England in 1752, shortened the preceding year, 1751, by 
a full qnarter Previous to that time, the year uas held to 
begin ict(A the 25(A JfarcA, and the year A D 1761 did so 
accordingly, but that year was not suilcrcd to run oat, but 
was supplanted on the 1st January by the year 1762 which 
(as well as every sabsequent year) it was enacted should 
commence on that day, so that our English year 1761 uas 
in effect an '‘annus confusiouis,” and consisted of only 282 
days Bussia is now the only country m Europe in which 
the Old Style is still adhered to, and (another secular year 
having elapsed) the difference between the European and 
Bussian dates amounts at present, to 12 days 

(933 ) It IS fortunate for astronomy that the confusion of 
date-s, and the irreconcilable contradictions which historical 
statements too often exhibit when confronted with the best 
knowledge we poeseea of the ancient Teekeninge of time, 
affect recorded observations but little An astronomical 
observation, of any striking and well marked phenomenon, 
canies with it, m most cases, abundant means of recovering 
its exact date, when any tolerable approximation la afforded 
to It by chronological records, and so far from being ab 
yecUy dependent on the obscnio and often contradictory 
dates, which the comparison of ancient authorities indi 
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cates, j3 often itself the nurcst nnd most convincing cvi 
(lenco on which a chronological epoch can bo brought 
to rest Remarkable eclipses, for instance, now that the 
Innar theory la thoroughly understood, can be calculated 
back for several thousands of years, without the possi 
bility of mistaking the day of their occurrence And, 
whenever any such eclipse is so interwoven with the ac 
count given by an ancient author of some historical event, 
as to indicate precisely the interval of time between the 
eclipse and the event, and at the same time completely to 
identify the eclipse, that date is recovered and fixed for 
ever This has been done in the cases of four v ery remark 
able total eclipses of the sun (the dates of which are accord- 
ingly entered as epochs m the table of Chronological Bras, 
art 926), which have given rise (at least one of them) to 
much discussion and diversity of opinion omong astrono 
mers, but which have at length been definitively settled by 
Mr Airy on the occasion of the recent publication of Prof 
Hansen’s Lunar Tables, tho accuracy of which is such as 
to justify the moat entire reliance on the results of such 
calculations grounded upon them 

(933 a ) The solar eclipse designated as that “of Thales 
IS the celebrated one which is stated by Herodotus to have 
been predicted by that philosopher, and to have caused the 
suspension of a battle between the Medes and Lydians, fol- 
lowed by a treaty of peace Only a total eclipse, as Mr 
Baily had clearly shown, eoold have so attracted the atten 
tion of the combatants, and m a very remarkable memoir 
on the subject (Phil Trans 1811) that eminent astronomer 
was ledf by the use of the best tables then in existence, to 
identify this eclipse with the total one of September SOth, 

B C 610 which, according to those tables, must have 
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pa«3ed over the mouth oi the Rtver Ilalya (where \t 
had all along been aeauracd, though without any posUito 
grounds for the assumption, the battle was fought) The 
same conclosion having been nmicd at by M Oltmnons, 
the point was supposed to bo settled Prof Hansen's ta 
blcs, however, throw the path of the shadow in this eclipse 
altogether" out of Asia Minor, and even north of the Sea of 
Azof On the other hand the eclipse of B 0 C85, which 
wa<i aUo total, passed, according to those tables, over Issus, 
a locality satisfying all the circumstantial and general mill* 
tary conditions of the narrative even belter than the Halys, 
and at this spot there can now be little or no doubt the 
battle was really fought 

(933 h) The total eclipse of the son which was witnessed 
by the fleet of Agathoclcs tu his escape from Syracuse, 
blockaded by the Cartbagimaos, on the second da} of his 
voyage to Cape Bon, bad been considered by Mr Daily 
in the memoir above cited, and found to be incompatible 
(according to the then existing tables) with the year B 0 
810, supposing tte former eehpst to Aave been rightly idenU 
fied This having now been shown not to be the case, it 
is all the more satisfactory to find that, under very reason 
able and natural suppositions respecting Agathocles’ voy 
age, the total eclipse which did undoubtedly pass on the 
date assigned very near the southern corner of Sicily might 
have enveloped bis fleet, and that no other eclipse by possi 
bility could have done so 

(933 c) The "eclipse of Lanssa" is related by Xeno 
phon to have caused the capture of the Asiatic city of that 
name, by producing a panic terror in its Median defenders, 
of which the Persian besiegets took advantage The site 
of Lanssa has been satisfaotoniy identified by Mr Layard 
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With ITimboud, and a pyramid of stone close to it (the city 
being of burned brick on a substructure of stone) la ex- 
pressly mentioned by Xenophon, the remains of which still 
exist, as well as those of a neighboring castle near ifespifa 
(Mosul) built of ahellt/ atone (also expressly mentioned as 
such by the Greek historian) According to Hansen’s ta- 
bles the total eclipse of May 19th, B C 657, passed centrally 
over Ntmroud, and— the total shadow being in this instance 
a very small one, not exceeding some 25 miles in diameter 
— we are tbus presented with a datum, in those remote 
times, having all the precision of a most careful modem 
observation, not only for establishing a chronological epoch, 
but for affording a point of reference in the history of 
the moon’s motion The eclipse of Sticklastad is of no his- 
torical importance ' 

(984) The days thus parcelled out into years, the next 
step to a perfect knowledge of time is to seonre the identifi- 
cation of each day, by imposing on it a name universally 
known and employed Since, however, the days of a whole 
year are too numerous to admit of loading the memory with 
distinct names for each, all nations ba^e felt the necessity 
of breaking them down into parcels of a more moderate 
extent, giving names to each of these parcels, and partica- 
lanziDg the days in each by numbers, or by some especial 
indication The lunar month has been resorted to in many 
instances, and some nations have, m fact, preferred a lunar 
to a solar chronology altogether, as the Turks and Jews 
continue to do to this day, making the year consist of 13 
lunar months, orS54 days Oar own division into twclvo 

’ The wIaf ecliiwo in ihe fir*! year of the reloponnwtan War whieli wu 
total at Alien# “some ttaw becoming trialble,” aceorSiog to Thucydidw da- 
sene# to bo recomputed Seo Ilela Hn #upp©«os lie ecfpso not total, and 
Uio * stara” to hare boon planets. 



OUTUXES OF ASTROSOm 


m 

unequal months )s entirely arbttraryi and often prodnctiro 
of confasion, ovnng to the cqnuoquo between the lunar 
end calendar month * The intercalary day oatarally at 
laches itself to February as the shortest month 

(935 ) Astronomical time recLona from the noon of the 
current day, civil from the preceding midnight, so that 
the two dalea coincide only during the earlier half of the 
astronomical and the latter of the civil (lay This is an 
inconvenience which might bo remedied by shifting the 
astronomical epoch to coincidence with the civil There is, 
however, another inconvenience, and a very serious one, 
to which both arc liable, lohcrcot in the nature of the day 
Itself, which IS a local phenomenon, and commences at 
different instants of absolute time, under different mo 
ndians, whether wc reckon from noon, midnight, sunrise, 
or sunset In consequence, all astronomical observations 
reqntre in addition to tbcir date, to render them compar 
able with each other, the longitude of the place of obsorva 
tiou from some mcndiao, commonly respected by all ostron 
omers For geographical longitudes, the Isle of Ferroo has 
been chosen by some as a common meridian, indifferent 
(and on that very account offensive) to all nations Were 
astronomers to follow such an example, they would prob 
ably fix upon Alexandria, as that to which Ptolemy’s ob 
servations and computations were reduced, and as claiming 
on that account the respect of all while offending the 
national egotism of none But even this will not meet 
the whole diflicalty It will aliU remain doubtful, on a 
meridian of 180® remote from that of Alexandria, what 

• & month la law is a lunar moath or twenir e gbt days (II seo Art. 

416) unless oVherwjsa eiptsssed —BlaehaloHt i chip 9 a tease for 
tweire months Is onl/for (ortreglit weeks — /tul yet the samo cm neat 
authority nnirod § 3) i&lorms us Itot tlio law is the porfectioD of resson 
and that Vliat is not reason is not law * 
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day 13 intended by any given date Do what we will, when 
It IS Monday the Ist of Jannary, 1849, in one part of the 
world, It will be Sunday the Slst of December, 18f8, m 
another, so long aa time is reckoned by local houra This 
equivoque, and the necessity of Bpecif 5 UDg the geographical 
locality as an element of the date, can only be got over by 
a reckoning of fime which refers itself to some event, real 
or imaginary, common to all the globe Such an event is 
the passage of the ann through the vernal equinox, or rather 
the passage of an imaginary snn, sopposed to move with 
perfect equality, through a vernal equinox supposed free 
from the ineqnahties of tmtatioo, and receding upon the 
ecliptic with per/Kt uniformity The actnal equinox is 
variable, not only by the effect of nutation, hot by that 
o! the inequality of precession resulting from the change 
in the plane of the ecliptic due to planetary perturbation. 
Both variations are, however, periodical, the one, w the 
short penod of 19 years, the other, m a period of enormous 
length, hitherto uncalculated, and whose maximum of 
fluctuation is also unknown This would appear, at first 
Bight, to render impracticable the attempt to obtain from 
the sun’s motion any ngorously uniform measure of time 
A little consideration, however, wiif satisfy us that such 
18 not the case ^he solar tables, by which the apparent 
place of the sun in the heavens is represented with almost 
absolute precision from the earhesl ages to the present 
time, are constructed upon tho supposition that a certain 
angle, which is called * the sun’s mean longitude” (and 
which 18 in effect the sum of the mean sidereal motion of 
the Bun, pfu9 tho mean sidereal motion of^the equinox in 
tho opposite direction, as near as U can he oitoinpd from 
the accumulated observations of twenty fito centancs), in 
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(M7.) PeJambre’« #o!ar uWr* (»n 162^, when lljf* w«lo 
of m*kf>nlng i!mo wm llr»l Introducwl/ ftj)j>«*ahjJ enlilled 
lo l!«U dtmnrtion. Acconling io tljrie ihe nan's 

tnr>n longituilc wn» 0\ or ihn inran vcrnnl rn^olnox or* 
currtsl, in iho ypar l*}2‘t, on Ui<* 22d of ^farcl^ at 1* 2- 05 

mrin lime nl Orecnrirh, and iljerefore at 1* J2* SO* 65 mean 
lime fti Part*, or 56" 51*55 nmn lime at nerlin, at which 
inaiant. iherefon*, ilm equinoctial time was 0*0*0“ O’-OO, 
being the conimencnment of the IfttSth year current of 
eqtunncilnl time, if wc choose lo date from the mean 
tabular rquitinx, nrarrtt to the vulgar era, or of the 
year of the J uhuii pcrio«l, if wc prefer that of ihe Drat y ear 
of that period 

(P53 ) KqtttnocUal time then «taip* from the mean vcmal 
equinox of neUmbro's rolar lalde^. and iw unit is the mean 
tropical year of the«o tables ({bV»* 212261) lltnce, having 
the fractional part of a ilny expressing the diUcrcnee t*e* 
tween the mein local timo «l any place (sujqwe Green* 
wich)on nnr one day between two consceutup mcaniernal 
equinoxen, that difference will be ibr same for every other 
day in the same interval. Thus, between the mean eqm* 
noxea of 1823 and 1829, the difference between equinoctial 
and Greenwich time is O' P56201 or 0* 22* 67* O’ 05, winch 
expiTswes the equinoctial day, hour, minute, and second, 
coirrsponding to mean noon at Greenwich on jlarcli 23, 
1828, and for the noons of the 24tli, 25th, etc., wo have 
only to aubstituCe Id, 2d, cto, for 0*, rctaioing the seme 
decimals of a day, or the same hours, minutes, etc., up to 
and including March 22, I82ft. Between Greenwich noon 
of the 22d and 23d of March, 1829, the 182Sth equinoctial 
year termioateir, ond the 1829th commences. This happens 
* Oa tba losUflco of ta« •at&or of UiMo f«s«. 
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at 0* 236003, or at 6* 61“ 60* 66 Greenwich mean time, after 
TThich hoar, and until the next noon, the Greenwich hoar 
added to equinoctial time 956201 will amount to more 
than 866 242264, a complete year, which has therefore to 
he subtracted to get the equinoctial date in the next year, 
corresponding to the Greenwich time For example, at 
12' 0“ 0* Greenwich mean time, or 0^600000, the eqninoc* 
till time will be 804 9562610-1- 600000— 365 468261, which 
being greater than 865 242204, shows that the equinoctial 
year current has changed, and t!ie latter number being 
subtracted, we get 0^ 213977 for the equinoctial time of the 
1829ih year current corresponding to March 22, 12* Green* 
wich mem time 

(989 ) llaMng, tlierefore, the fractional part of a day for 
any one year expressing the equinoctial hour, etc., at the 
mean noon of any given place, that for succeeding years 
will be bad by subtracting 0* 242204, and its multiples, from 
such fractional part (increased if necessary by unity), and 
for preceding years by adding them Thus, having found 
0 198525 for the fractional part for 1827, we find for the 
fractional parts for succeeding years up to 1853 as follows * — 


1829 

1829 

1830 

1831 

1832 
isas 
1634 


056281 

naoot 

471733 

229469 

987205 

144941 

502677 


1835 I 360413 || 1642 

1836 018149 1843 

1637 7758S5 1844 

1838 I 533621 1843 

1839 j 291357 1846 

1S4& \ MSftaa 1841 
1841 I 806829 II 


561565 

332301 

080037 

837773 

695509 


1843 

1849 


110931 

868717 

626453 

381189 

141925 


** TliesQ nuiDb«rs diSec frozB (twee in Uie 17auticsl Almaouc and would 
require to bo inbatitute 1 for tlieni to cany out the Idea of equinoct al t me an 
above' laid down In the fcara 1828-1833 the lata eminent editor of that 
work Dr Toung used an equinox elighUy diffenag from that of Dolambre, 
whvih. awoiiata fot tha daueoca la thma ycaw In 1834 it would appear 
that a deviauon both from (be pnaciple of the toxe and from il e previous prac 
tico of that ephemena took place In denring the fraction for 1834 from that for 
1833 which 1 13 been ever amca perpetuated It consisted in rejecting the 
mean longitude of Delambre » tables, and adopting Bessel a correction of that 
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Th» ll U kttoratloo wm Jntc't Sm «/ f Brrfy iotap 

hr<tt I)j*nnjnf i){« MjyliMtct/Al ywJSlJ nni} tfitf of 

t^3t or. In otlrf nonlt, loir Ae tip Inlrrrn'* 1r«lve<>i> || n rioot » o' Uarrii SI 
fcT 1 3t, 1*31, Sill 3in 3« trckir'M l>j «^u!t>6ctt«l tlmp In If 35. in'! 

In all »i»l>*«^urnl d^jioriiifp hvio il p of 1} t> leii loeJ. 

tJtec tiy •iih«tliuiiri; tfOfCiI jMf of 3C3 51531T5 fof PoUfntrr’i*. 

TJi'u tfie wlio'o Hit jfrl felt Into rocifotfiu L'mfrf tfip jirrvrot rmluont 
inienlrtit of llpo Nanilral Alniaiiar a cti«npftiml>p I>< lipoii ffipftod— • fliM 
prjiilnociiO ytaf of 3ri5 SlSSlfi ri*nn wUr 1 m Itpii aJnp'ed («n<l It H to 
l*j I wjip.l will of.c^f U «*) kiiif niiri'ciloiK iiistM Ij wfncli If o 

in tlio AlinttiAr* frvr lR3*l-]f31 tniiv 1* IjfonpKt Inin coM'*iencj wlUi 
tlioan In after jear* Arootiliog to iLU Bmtif;Lmnt tlic ffacUonal raru In 
13 >o Uori tor ifi’t-mi} wm run «« /ollotre- 



3550*1 

0?3®« 

HICrjn 

35fi:lT 

•114001 

'8I1TSJ 


IfSO 

)f3} 

IfSS 

IK51 

1951 

1955 

1856 


CIS5G0 

39J353 

HSt37 

OOSOJl 

CfOIOS 

4101*3 

115573 


{.Vote \ ea Art 915 

\ ruLn propoeixl b/ Oatr. a Torelan tatrooosrr of the coon et Grlat»6dia 
Uctek Schah, in A D 1010 (or moiti than Rro eoatiiriM before Ae reformabon 
of QrojMrp) ileaertM aotico U conaUu In lourpoUtlni; a daj, aa la tbe Jutitn 
*r*{em. crery fourtli year, only jHWiponfnR to the SIJ yrar Uio fntr!rril«l<on 
wLlch on that ayatom rrould be made In (be 35d. Thla ia r<]Q)ra1ent to emit 
tlou the Julian inlorcalatlon attocrlber In each lS8lh year (relalalni; all Oio 
oiliem) Tn produce an accumulaied error of a Hay on ibU ayiiem vould ro- 
qiifro a lapw of COOO yeara. *a that the reralan aatronorocr’a rtifo U not only- 
far BJOfo aimpJe. but maierially mor* eaact than Uie Orr^nan.] 


fAba< B «• 5 W 4 r. Art. 056 

Tha cItH epocfia of tho Jfetonte cyelo and the nr/Jra are each one day later 
than tho ailroDomtcal, tha Utter Wug the epochs of tho abaoluta nru> moena, 
the former thoto of tho earllaat poiiatblo Tiaiblluy of tho lunar crcaceol in a 
tropical slcy 31 Biot hM rhown that the aolttlce and now moon not only 
coincided on the day boro act doirn a* tho coBmenconient of the Calbppic cycl^ 
but that, by a happy coincidence, a hare possibility oiisled of seeing llis crea 
cent moon at Athens iriWlia fAof doy, rtrkmrH from midnigM to nidaighi ] 


[Xiift P on Jrf 935 

Tho roformsiloa of Qrofory »«w. nfier *11, Inwmplcta. Instead of 10 days 
ho ought to hare omitted 15 Tho Inlerral from Jan 1, A B 1, to Jan 1. 
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A.l> 1&S3. reckoned M JuCab ye&rs, h S1t(60 dojg, ted m tropical, ST7443, 
with aa error oot exceediug Od 01, tbe diCcrenco icing 23 dajs, wtooo omia 
*ion would hare completely restored tlio Julian epoch Hut Gregory assuraod 
lor ha Bzod point of departure, not that epoch, but one later by 334 years, 
Tu. Jan 1, iuD 335, the year of tJio Cooncil of Kleo, assmntog which, the 
d Kerence of the two reckonings Is M 906, or, to the nearest whole number. 
Id days To such as may hare oocaaton. (a an Isolated case, to compute the 
ioierral between the beginnings of two proposed yean, or the number of 
days elapsed irom Jan 1st Oh. ot the one to Jan lit Ob of tho other, tho 
following formula: Will be found useful In which it Is to ho obserrod that 

the notation Is ci<ed to express the intej«r portion only of the qaoticnt 

when one nnmbcr m Is dirided by another n, and where 0 is the number of 
days required. 

Case I —Tears before Chnat— from b c x to a d 1 
D — « 

Caso 2 — ^ ears after Clirisi— from a p 1 to a r x 

(A) . I) 3C9 + £^ 

(B) 3664-£»— + ^ 

where the fomula (A) is to be need if ibo Uler daw {*) is le/ore the change 
of style in that particular coantry for which the calculation is made, and 
(B) If o/Ur } 


[XoteJ) Art 22S a 

(223 a ) Since the table of measured arcs in art 216 was 
compiled, vast additions have been made to our knowledge 
of the true figure and dimensions of our globe especially 
through the extension of the two great arcs of Russia and 
India, the former of which baa been enlarged to an ampU 
tnde of 25° 20, the latter to 21° 21 The whole senes of 
gcodesical measurements of any authority, executed in all 
parts of the world (these and the French arc, the next in 
mignitude, of course loclnded) have been litely combined 
under one general and comprehensive system of calculation 
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b} Capt A R Olarko, R E , in fin claboralo memoir (Jfem 
R Aflt> Soc vol xjcix I860), of which the ilnal result (in 
eluding some slight subsequent corrections) may bo stated 
as follow a 

Tho earth is not exactly an otlipsoid of revolution Tho 
equator itself is slightly elliptic, tho longer and shorter 
diameters being rcspcetivelj 41,852,864 and 41,8-13,096 feet 
Tho elliptieity of tho equatorial cirtumferenco is therefore 
tla, and tho excess of its longer o\cr its shorter dnmeter 
about two miles Tho ^ertlccB of the longer diameter are 
situated in longitudes 14* 23 E and 104® 23 E of Green 
wioh, and of its shorter in 101* 2S and 284* 23 E The 
V polar axis of tho earth is 41,707,706 feet- m length, and 
consequently tho moat elliptic meridian (that of long 14" 
28 and 104* 23) has for its elliptieity and the least so 
(that of long 104* 23 and 284" 28’) an elliptieity of 
General Schubert also (Mem Imp Acad Petersb 1859) 
has arrived at a somewhat similar conclusion, by a totally 
difloreut (and, as appears to us, less general and definitive) 
system of calculation Ec makes the clhpticity of the 
equator and places the vertices of its longer axis 
26* 41 to the eastward of Capt Clarke’s His polar 
axis, as deduced from each of tho three great meridian 
arcs, the Russian ludian and French respectively, js 
41,711 010, 41,712 634 and 4l 697 496 feet the mean of 
which, giving to each a weight proportional to the length 
of the arc from which it is deduced " is 41,708,710 
A very remarkable consequence follows from these re 
suits If we reduce the polar axis last found to Bnt 

'* Th 8 Is not Gen Sch bert s mode of pwed re He erb tranly escludea 
the reauU of the French arc a d gires tho Russ an double the we gbt ol ibe 
Ind;an— a procedure man festly unfa r 
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ish imperial inches, the rcaalt is 500,504,520, exceeding 

500.600.000 by 4520 in. On the other hand Capt. Clarke’B 
result Bimilarlj wdnecd is 600,493,552, falling short of 

600.500.000 by 6448 in., so that vra may take 600,500,000 
inches (or the length of the earth's polar axis, with every 
probability o( being within 150 yards of the truth. Were 
our imperial standard of length, then, increased by exactly 
one Oiousandih part, the inch, foot, yard, etc., retaining 
their present relative proportions, oar inch would then 
be, with all hut mathematical preciiton, one five-hundred* 
millionth part o£ the earth’s polar axis, a unit common to 
all the world. And, what is still more remarkable, if at 
the same time oar standard of weight were increased by one 
2,600th part^(or ooe-seventb of a grain on the onnee), an 
ounce of distilled water, at onr present standard tempera* 
tare of 62* Fahr., would occupy precxsely one-thousandth 
part of our (Men) cubic foot, and our half-pint precisely 
one-hundredth. Thus, hy a change such as would be ab- 
solutely unfelt in any commercial transaction, we should 
be put in possession of a modular or yeometneal system 
(which we might decimalize if thought proper) far anpe- 
nor both in principle and in accuracy to anything which 
has yet been devised on the important subject of a national 
system of weights and measures, the French metrical system 
not excepted.] 

{KoU E on Art 231 

Ur Broun of Edinburgh, nnd U. Bobinet ot Pans, barn each soparalel/ and 
independenll; derised estrsmel^ ingeoioua applicalions of the principle of the 
tomton baUnce, to bnug into equibbrium the force of gra^tj and the claaiic 
force of a netallic epring, vith a Tietr to utilize the method here suggested of 
aacertaining the ’»atiat«>n of gr«v^ It wate much to be desired that botli 
their methods should be brought to the lest of practical trial ] 
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[Note F, Art 857. 

(857 a ) A senes of concerted observations of the differ 
cnees of apparent declinations between the planet ifara and 
neighboring fixed stars, set on foot at the instance of AI. 
"Winnecke, during its last opposition, which took place 
under circnmstances of proximity to the earth particularly 
favorable to the determination of its parallax, has resulted 
in assigning to that planet a parallax greater by abont one- 
twenty seventh part than that which would correspond to 
Its distance as computed for the time by the hitherto as- 
sumed dimensions of the planetary orbits The conclusion 
of course is, that these dimensions (including the earth's 
» dijstanee from the sun) have been overestimated by that frao* 
lional part of their value, that the sun’s parallaa, m place 
of 8* 6 or more exactly 8* 5766, should be set down at 
8* 8958, and its distance at 91,600,000 instead of 95,000,000 
miles Now it is strongly corroborative of tins conclusion, 
and, at the same time affords a striking instance of the way 
in which the several departments of science depend on and 
illustrate one another, that a correction in the same dtrec 
tion, and to nearly the same amount, is indicated by a re- 
cent redeterxnination, by direct experiment, of the velocity 
of light by M Foucault, who finds that velocity not only 
less than that concluded by M Fizeau’s experiments (see 
art 645), but even Jess than the commonly received esti- 
mate of 192 000 miles per seoond, by about the same frao- 
tional part Light, ns shown in art 646, travels over the 
diameter of the earth's orbit in 16“ 26 6, and the time 
remaining the same, a diminished speed corresponds to a 
diminished diameter, and therefore the sun’s distance com 
puted from the velocity so determined, and the time as 
given by observation, will come to be diminished in the 
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eame proportion These and several other conspiring indi 
cations lead to an cxtremelv strong presumption that all the 
dimensions of oar system ha\e been overrated, and should 
be diminished by about one twcotj eighth part 

(357 5 i ) In strong corroboration, or rather in fall con 
drmation, of this presumption, it must be especially noticed, 
that quite recontl) the irholc subject of the reduction of the 
transit observations of 1760 has been resumed by Mr Stone 
in a memoir for which the gold medal of the Astronomical 
Society for 1869 has been awarded to bim, in which he has 
clearly shown that the received result of those observations 
bas been vitiated by a misinterpretation of the expressions 
used by the observers m describing the phenomena of the 
external and internal contacts of the limb of Venus with 
that of the son, which are complicated with certain optical 
appearances materially infiuenciag the estimation of their 
times of happening, and that when those expressions arc 
taken according to their real and legitimate meaning, and 
duly calculated on, they afford a value for the solar paral 
lax of 8' 91 with a probable error of 0' 03 (in place of the 
hitherto received value, 6' 6776), agreeing very precisely 
with the value (8' 943) dedoced by him from the assem 
blage of comparative observations 6f Mars in hia opposition 
of 1862 instituted at Greenwich, the Cape of Good Hope 
and Williamstown, Victona NSW 

(357 c) The distances being dimimsbed in any ratio, 
the estimated masses will require to be diminished also, 
m the ratio of the cubes of the distances, for all the dis 
tances will have to be reckoned on a new scale, and among 
the rest the diameters of the orbits of all satellites (the 
taoon excepted), and as the squares of the periodic times 
are as the sums of the masses directly and the cubes of the 
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distances inversely, the times remaining unchangctl the 
masses must be diminisbcil m the same proportion as thoso 
cubes 

(S57 d) The time is not jet come for a complete and 
final determination of tbo exact “coofliciont of diminution” 
to be applied to our plnnoiaiy elements The ^rbole matter 
IS too recent, and wo mimt wait for tbe next transits of 
Venus in 1874 and 1882 tor a full and precise settlement 
of this important question Meanwhile, therefore, and pro 
visionally, the render will bear in mind that in all our nu 
menoal statemonts of distances (thoso of the fixed stars and 
the velocitj of light inclusive, but that of tho moon ex- 
cepted), as well 10 the text xs m tho tables of elements, the 
anmbers ect down hxvo to bo diminished by one twenty- 
eighth of their value, and w the cnoe of the mp<^se3 (tbe 
moon s oxcepted) in the ratio of 27’ 28’ or of 0 89664 to 1. 

(357 tf ) The supcrHcial reader (one of a cla^ too nomor- 
ous) may think it strange and discreditable to science to 
have erred by nearly four millions of miles in estimating 
the son’s distance Bat ench may be reminded that tbe 
error of 0' 82 in tbe sun’s parallax, on which the correction 
tarns, corresponds to tbe apparent breadth of a buman hair 
at 125 feet, or of a sovereign at 8 miles off, md that, more 
over, Oils error has been detected and the correction applied, 
and that the detection and correction have originated with 
the friends and not with the enemies of science ] 

iNote 6, Art 887 a 

This curious appearance of tbe “pores” of the sun’s 
has lately received a most singular and unexpected 
interpretation from the remarkable discovery of Mr J. 
Nasmyth, who, from a senes of observations published m 
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the Memoira qI the L^t and Phd Society of Manchester 
for 1862, made with a reflecting telescope of his own cod 
struction under very high magnifying powers and under 
exceptional circnmatances of tranquiUitj and definition, 
has come to the codcIusiod that these pores are the po 
lygonnl intentices between certain luminous objects of an 
exceedingly definite shape and general nniformity of size, 
whose form (at least as seen in projection, m the central 
portions of the dvak) is that of the oblong leaves of a willow 
tree These cover the whole disk of the snn (except m the 
space occupied by spots) m coontlcss millions, and he 
crossing each other in every imaginable direction A rep 
resentation copied from tho figure in Mr Nasmyth s memoir 
(the engraver being aided by photographs from bis original 
drawings obligtngl) supplied by him for the purpose) of 
the structure of the general laminous surface, is given m 
onr Fig 1, Plate B, while Fig 2 of the same plate oxhibits 
their arrangement at the borders and in the penumbrm of 
a spot This most astomshing revelation has been con 
firmed to a certain considerable extent and with some 
modifications os to the form of the objects, their exact 
uniformity of size, and resemblance of figure, Messrs 
De la Rue, Pntchard, and Stone m England, and M Seccbi 
in Rome Mr Stone compares them to nee grams, others 
to bits of straw They strongly suggest the idea of solid 
bodies sustained in tn ^utlthno at a definite level (deter 
mined by their density) in a transparent atmosphere p<z5»R^ 
fcy every gradation of density from that of a liquid to that of the 
rarest gas by reason of its beat and the enormons, snperin 
enmbent pressnre (as in the experiments of M Gagniard 
de la Tonr on the vaporization of liquids nnder high pres 
snre), their luminosity being a coTwejuenee of their solidity, 
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traiiflimrent and colorlc<« flauU ratlmtmg no light from their 
interior hoviever hot '* 

(S87 3 ) In speaking of the intimate nature of the sun's 
luminous envelope, the remarkable phenomenon witnessed 
on the Ist of September, 1659, by two independent ob 
servers, Mr Camngton and Mr Hodgson, ought not to 
ho pi«scd in flilcnco Theso two gentlemen viewing the 
sun, each at liis own rcsidcnco and without previous con- 
cert, at tho same instant of time on that day, were both 
surprised by the -audden appeannee, in tho immediate 
confines of a largo irregular spot, of what seemed to be 
two luminous efouda, m«cA more hnlUant than Oie general 
tw/ace of the iitii Tlioy lasted about five minutes, and dis- 

appeared almost instantaneously, sweeping in that interval 
among the details of tho spot, with a visible progressive 
motion, over a spice which could not bo estimated at less 
than 35,000 miles The magnetto needle, as was afterward 
ascertained, underwent a considerable and sudden disturb- 
ance at that very time, and the phenomenon, indeed, 
occurred during tho contmuaoco of one of tho moat re- 
markable and universal “raagnetio etorma’* on record 

(387 c c ) To Jlr Carnogton, also, we owe a long 
continued and moat elaborate senes of observations of the 
solar spots (cootained in a memoir recently presented to 
the Boyal Society) contiODcd through a whole period of 
their maximuro and minimum frequency arriving at the 
conclusion that the period of rotation of a spot is depen- 


i< Buch is (he view of iheir nslare and of that of the aoUr photosphere Bug 
Rested by tho author la a paper ‘ On the Solar Spots ” pub! shed In the Qua? 
lerly Journal of Science for April 1854 It Faye In a Ifemo r read to tho 
French Academy In January 1565 iwa amred at * coaclus oa nearij' anslo- 
gouB It ought to be noticed that Mr IMwes aUIl profesaaa himself disaatlsflocl 
M to the existence of these objects 
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(lent on itR heltograpliicat latitadc, tho50 on and near the 
Bnn’a equator being earned round more swiftly than those 
in northern and soulhern latitudes The empirical law at 
which he amyes ns a mean expression of all Ins observa 
tions assigns for the moveroent of rotation per diem of 
a spot ID hchographical latitude I 
856— 

so that a spot on the equator will make a complete sidereal 
revolution in 24* 202 — one in N or S latitude 16" in 25* 44, 
and in 80® N or S in 26* 24 

(387 drf) The confinement of the spots to a region lim- 
ited both ways m latitado and rarely beyond SO® on either 
side of the solar equator, as well as the frequency of their 
arrangement along parallels of latitude, bos already (art. 
893) given ns ground to conclude the existence of a circa* 
lation m the solar atmc«phere relatively to tho solid body 
of the sun, and to surmise ao analogy between the cause of 
that circulation and that of the trade winds m our own 
olraosphere It has been suggested’* that, owing to oblate 
ness in the solar atmosphere, its greater depth m the equa- 
torial regions might be conceived to oppose the free escape 
of heat more than in the polar, and so might give nse to 
a permanent inequality of temperature m the two regions 
from which movements analogous to those winds mnst of 
necessity originate "Were this the case, however, one of the 
results would (of eqnal necessity) be the production of an 
equatorial region o! calm Supposing our earth so covered 
with cloud that a spectator without could never see the 
solid body, and could judge only of its rotation from the 
observed circnlation of dark masses of its clouds, he might, 


>* BesnlUi of Atlroaoutc*! ObservjtMM at the Gape oX Good Hope, p 4Si. 
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it IS true, conUuilo correctly the time of rotation of the 
solfd bo(f/ from ob^crtnlioR of douily masses in the higher 
fltmU eitlior on the equator or tn high latitudes, but in the 
two intermodinlo ssoncs north and south of the equator, he 
would conclude a greater rapidity of rotation, owing to the 
general westerly tendency of tho upper aerial currents in 
those rones In proceeding then from the poles toward the 
equator, ho would find, first, an apparent acceleration, then 
in certain latitudes N and S a maximum of rotary velocity, 
and thence up to tho equator a comparati\o retardation 
Mr Carrington's law is thoreforo incompatible with this 
supposed analogj, and we mnst look elsewhere for its cx 
plnnation The only one which seems at all satisfactory js 
that of external force impressing such ft movement, and 
thus we fall back upon the frictional impulse of circolaling 
planetary matter in process of subsidence into and absorp 
tion by the central body The rotation of the sun, it will 
be remembered, is very much slower thsn that of o planet 
revolving just clear of its surface — a fact perfectly in unison 
with that theory of the formation of our system to which 
the term “tho nebular hypothesis’* (arts 871, 872) has been 
applied, according to which the central body has resulted 
from the aggregation of all the matter assembling from 
every quarter, whose movements conflicting would destroy 
each other, leaving only as a surplus that small portion of 
rotation in one direction which remained outstanding The 
same considerations render an equally plausible account 
of the intense heat of the central body ] 

[A'ofe H, An 430 a 

The enormous size and vast depth of many of the lunar 
craters, far surpassing, in both respects, anything observed 
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on onr globe, are certainly TCiy striking featorcs, bat ore 
easily reconcilable with what we know of the special condi* 
tions which obtain on the moon's sarface. For while oa 
the one hand the force of Tolcanio explosion and ejection 
is nowise dependent on the total mass of the planetary body 
on which the volcano may eobsist, the repressing power to 
prevent an oatbreak, which is the weight of the inenmbent 
matter, is only about one sixth of what an equal mass of 
overlying matter woold oxert on the earth, the force of 
gravity on the moon being less than that on the earth 
in that proportion. Again, when disropted and scattered 
in fragments, the force generating their velocity of projec- 
tion being the same, and therefore also that velocity, the 
broken fragments, stones, scoHie, etc., ejected would be 
hurled to far greater distances, being less powerfnlly coerced 
by gravity, in the same ratio. Most of the ejected matter 
would therefore fiy out beyond the rims of the craters, in- 
stead of falling back to reSlI them. And lastly, we hare 
to add, the absence of tbe resistauce of an atmospher^^ 
that powerful coercer of projectile range here on earth. 

(480 & & ) Changes iu the aspect aud condguration of 
particnlar portions of tbe lunar disk have been often sus- 
pected, but no satisfactory endeoce had been obtained 
of anything which could not be accounted for, either by 
the difference of optical power in the telescopes used, or 
by difference of presentation to the solar rays, or to those 
reflected from the earth. Quite recently, however, on the 
16th of October, 1868, the crater marked as A in Lohr- 
mann's Chart (sec. ir), and designated by Madler under 
the name “Linnteus" (a crater five miles and a hilf in 
diameter, and very deep, and which had served those 
selenographers as a zero point of the first class for their 
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miorometrical measurements), has been declared by Professor 
J. Schmidt, Director of the ObserTatory at Athens, to have 
altogether disappeared, and to be replaced by a smooth anr* 
foco. unmarked by any ahadowl Subsequent observatjons 
tnado by him in November and December, under the most' 
favorable circumetaucca aa to solar illumination, failed to 
show any signs of the missing crater, though other much 
smaller ones in the actgbborbood vrero readily perceived. 
The most plausible conjcctnro os to the cause of this dis- 
appearance seems to be the filling op of the crater from 
beneath by an effusion of viscous lava, which, overflowing 
the rim on all sides, may have so floWed down the outer 
slope as to efface its ruggcdocss and convert jt into a grad* 
ual dcohvity casting no stray shadow.) 

{NoUlonAri 437. 

Our PJito 0 «zhjbft* (h9 ap{K<itnia«9 ct t reiy rou^b and rolcanlc portlM 
et tbs moon’s lurtaos aa taodelled from tolsacopic observation b; tfr. bTasmrtb, 
the eagrsring being taken from tbs pbolognpb of tbo onglnal model fcmdif 
luruisheil br bun forUio purpose. A Ver^ iDgenioua idem of Mr Whenlstoos 
boa enabled the photographer to prodocs tUrwcvpie naira of lbs moon, pre- 
Bcnting it, not aa a flat diaV, but as a spliora, with all the mountains in full 
relief, and witli all lUe apparoanos of » reel object. Owing to the libration of 
tbs moon (art. 436) the aaroo point of h*t autface la aeen someUmea on one aide 
of the contra of her diak, and aometteiee on the other, lbs elfecl being the aame 
as if, the moon romalnlng Oaod. tb« ahdwd from right to left tUroiigb 

an angle equal to the total JIbratioo. Wovr Uiie U the ctmdiUon on which stere- 
oscopic vision depends- so that by choosing two epochs fn diferent lunaltona In 
which the moon shall bo presented to the two aspects best adapted for the pur- 
pose, 0od in Ms rams pbnss o/ Oumtnaium (which the annual motion of the 
earth renders possible, by bringing the moon to the same elongatloafrom the 
eun, is ddferont parts of her own elhpUe orbiq, aod taking separate and inde- 
pendent photographs of It m each upect, the two atereoscopically combined, ao 
completely satisfy all the reqaisrte condttiotis as to show tht tphencai form Just 
as a giant might see It whoso statur* were each that the interval between his 
eyes should equal the distance between the place where the earth stood when 
one view was taken, and that to which it would have to bo removed (our moon 
being fixed) to get the other. Nothing can surpass the impression of real cor 
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portal /iyrm llius convcjcd b; some ol ttiew p^ctoros u tiVen byllr. Do li Hno 
with bid powerful reflector, tlie production of which [aa a step in some sort 
taken bj man outside of tbo planet he Inhabits) is ono of llie most remarkablo 
and tinexpocced innmpbs of sclentlflc art. 

Mr. Birt 1m recently bestowed much paias on llie frequent and minute 
scniiin; of parllcitlar and limited re^ona of the lunar aurfaco ] 

{NoU J. 

(859 a.) It is not necessary that the companion body pro* 
dneing these distnrbances of proper motion should be non- 
luminous. Nothing prevents that it should be a small 
companion star which, though invisible to ordinary tele- 
scopes, or lost in the brightness of the disturbed luminary, 
*^*17 become visible through telescopes of increased power. 
Antares has such a minute companion at onlj 12* distance, 
a Lyrs at 43', and Frocyon at 46'. A disturbance in the 
regular progression o£ proper motion of the conspionous 
star, periodical in its nature, both in K. A. and in N. P. B., 
would arise from the displacement of the larger star around 
the common centre of gravity, however comparatively mas- 
sive, and (mass for mass) greater the greater the distance of 
the individnals. It was not, therefore, without much inter- 
est that astronomers received the announcement of the re- 
cent detection of a small companion of Sinus, by Mr. Alvan 
Clarke, a most eminent and snccessful constructor of large 
achromatic telescopes, by means of an instrument of this 
description constructed by him of 18 inches aperture. Ac- 
cording to Messrs. Butberford, Bond and Chacornac, this 
companion is at present situated at about 10' distance, 
nearly following Sinus. It remains to be examined, how- 
ever, by a senes of observations of distance and position 
conttoned for many years, Ist, W^hether this star really is 
a satellite or binary compimott of the principal star — a con- 


860 


OUTLI^*ES OF :^ST^O^O^!y 


elusion to whicH some have jumjjed (not unnaturally), and, 
2d, Whether, t/ so, its attraction will explain the observed 
inequalities of proper motion, which by no means follows 
of course far more so, as il Ooidachmidt assures us that, 
with a telescope of very inferior power to that of Mr 
Clarke, he has detected no less than six small companions 
of Sinus at distances from lO* to 80' Should this be ven 
fied, we have our choice of disturbing influences, and it 
would be hard if the mmnte displacements, respecting 
which Messrs Auwera and Peters agree (or any other) 
could not he plausibly explained antecedently to the mdis 
pensable verification of a real physical connection Mean 
while the concluaions of these geometers rest upon observed 
inequalities m E A only Prof SafTord, of Ann Arbor, 
XT S , has, however, mvestigated those in polar distance, 
and finds that they are alike reconcilable with an elliptic, 
orbital motion, with one not incompatible with that previ 
ously assigned and with the hypothesis that the newly dis 
covered star, so far as it has yet been observed, is really 
the disturbing body 

(869 h b) Spectrum ooolysis (see ITote M) has of late 
been apphed by various observers with great diligence and 
success to the light of the fixed stars and even to that of 
the nebulae Those of the stars are found to exhibit (van 
ously for different stars) many of those fixed lines which 
are considered characteristic of chemical elements such as 
are found in our planet In applying this method of exam 
ination to Sinus, however, Mr Huggins has found that the 
brightest of three lines charactenstic of hydrogen corre 
epoods to s position in lb© apeolram ©f that star very 
slightly differing from the position of the same lino m the 
solar spectrum, and that m point of fact, the index of re 
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fraction of the prism emplojed for that line in the stellar 
Bpectrnm is less, by a minute but racasunble quantity, than 
in the solar To interpret this observation, it must be re 
membered that the nndalatory theory of light postulates, 
as a condition indispensable to its interpretation of the 
different refrangibiUty of the rays, that the velocity of 
propagation of a lumioons undnlation unOitn the refract* 
mg medium shall depend (according to some law depending 
on the physical nature of the medium) on its wave length on 
nmving at the refracting surface, or, m other words, on the 
number of its undulations per second which are incident on 
that aurface, the longer waves or less number per second 
corresponding to the lower degree of refrangibihty Sup 
poae now a certain ray to originate in Sinus from some 
vibratory movement of a particle of its matter producing 
isochronous impulses of a certain determinate frequency 
on the lammiferous ether Sirios being at any definite dis 
tance from the earth at the moment of the first impulse, 
that impulse wall reach the pnsm at a certain momeut, and 
were the star and earth relatively at rest, its successors 
would follow it up aud reach the refracting surface at in 
tervals of time precisely equal to those of their origination 
But if the star and earth be receding from each other with 
any uniform velocity, the next succeeding impulses, having 
each m succession a greater and greater distance to travel, 
will require a longer and longer time to arn^e, or, in other 
words, the intervals of time between the arrivals of succes 
sive impulses will exceed the intervals between their ongi 
nal production, each by os much tune as it would take a 
ray of light to travel the distance run over by Sinus from 
the earth between two consecntive impulses Arrived at 
the prism then, the tay consisting of these vibrattons will 
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have a lower refrangibility than if the distance of the star 
xrom the earth had remained unaltered, and the amount of 
this difference bein^ ascert-uned (by & most nicQ and deli 
cate process of observation), the ratio of the relative ve 
locitj o£ recess of the star from the earth to that of light 
can be ascertained Refemng for details to Mr Huggins’ 
memoir,” we may stale, as his final conclusion, 41 4 miles 
per second for this relative velocity, of which, at the time 
of observation, 12 miles per second were due to the mo 
tion of the earth in its orbit, leaving 29“ 4 per second, or 
2,540,000” daily, for the increase of distance between Sinus 
and our system The validity of this conclusion rests, of 
course, on the assumption (for in the absence of observation 
of other lines in the spectrum it can be only such) that the 
fixed line observed is due to hydrogen, and not to some 
other (unknown) chemical element ) 

K, An 896 a 

Several objects observed as nebalK are now missing 
from the heavens They are such as have been (for the 
most part) only once observed, and may rensonably bo sup 
posed to have been telescopic comets This, indeed, has 
in one instance proved to have been really the case as, by 
tracing back the path of the fid comet of 1792 to the date 
of tho observation of a nebula discovered by Maskelyno on 
Peb 14, 1793, but which js now missing, it appears to have 
really occupied that place (R A 2' S9", N P I) 46* IS) 
at that time Bnt, besides these, there are cases in which 
a nebnla, undonbtedly such, has either disappeared and 
reappeared in the same place, or has undergone some 


Phil Tnuit. leca 
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remarkable change of brightncj-s; or, lastly, has been 
observed as a conspicuous object in a part of the hc4>eos 
eo svell known as to mnko it cxctctlmgly improbable tliat 
it should have c*'caj>cd all previous observation. 

(890 b.) On iho lltli Oct., 1&12, "Mr. Hind discovered a 
nebuba in Taurus, previously unnoticed — in K. A. 4' 14", 
K. P. D. 70’’ 49’ (18C0). He saw n repeatedly, and in ISTxi 
and 1830 it was reubserved by M. D’Arrest. On tliu 3il 
Oct , 1801, If. D’Arrest missed it. "Ilujus nebnlro . . . 
ne umbram quidem," be eays, “detegero valeo. Attamen 
Ecmcl ac fo'pius a me annts 1635 ct 1830 ob-^ervatn cst, 
cjugquc locus quntcr detenninatus.” On Dec. 29, ISGl, it 
was again seen, thoagh with the utmost difliculty, in the 
great Pulkova refractor by M. Otto Struve, after wliioli 
it bad 80 far incrensed in bngbtness on March 22, 1802, 
os to bear a faint illumination of the wires. 

(890 c.) On Sept. 1, 1839, Mr. Tuttle discovered a nebula 
not previously observed, in R. A. 18* 23* 65*, N. P. D. 
15® 29' 48* (1860) This nebula is described by M. Aiiwcrs 
as pretty bright and elongated m form. On the night of 
Sept. 24, 1862, it appeared to M. D’Arrest bo brilliant and 
remarkable that he coDstders it impossible it should have 
been overlooked (if then bo conspicuous) in the sweeps 
made by my father and myecif over that part of the 
beavena. 

(896 d.) Mens. Cbacornac bos recently announced in the 
“Bulletin M6t4or. do Pans,” under date of April 28, 1863, 
the discovery of a nebula in Taurus, in R. A. 6* 29" 4*, 
N. P. D. 68® 62' 20* (186(^, eo conspicaoas as to render 
ita nna-^cavinufi diacovecy mnat ua-jcohable.. in a portion 
of the heavens so frequently under inspection, if always 
of Its present brightness. 
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This is perhaps the right place to mention that a general 
catalogue of nehul® and elaeters of stars (6,078 in number) 
in order of R A., and brought up to 1860, with procession 
for 1^0, and descriptions, prepared bj the author of this 
work, has been published by the Royal Society as Part I. 
of the Philosophical Transactions for 1864. 

(896 h /».) Spectral observation, os already mentioned, 
has been recently applied to the brighter nebulm. Tho 
light, even of the brightest of these objects, is so oxces* 
sively feeble (for it will be borne in mind that tel^copea 
aj^ord no mtann of tncreasityr the intrimie brightness of a 
surface) that any perception of delicate, hair-like, dark 
lines in their spectra like the fixed lines in thst of the sun, 

18 not to be expected. The phenomena which they exhibit, 
however, ore very pecolmr, and more in analogy with those 
of flame, or incandescent gases, than with solar or 'stellar 
sources of light. The brighter globular cluster, indeed, 
and those oebulos of irr^uhar forms, trhtch am cither 
clearly resolved, or cvidontly of a resolvable cfaaraelcr, 
give stellar spectra, i.e. trains of light of all gradations of 
refmngibility. It ts otbermsc with many of those nebulas 
of Sir W. Hcrschol's 4th close, to which the dosignation 
“Planetoiy NebnJio” has boon applied, ond with some 
others of an irrosolvnble chamoter, among which are iho 
great nebuloi tn Orion nnd Argo. The light of these is 
either monochromatic, that is, consisting of rays of one 
doftmte rcfmngilulity (corresponding in nil of them hitherto 
observctl to the nitrogen line in the solar spectrum, or to 
the light emitted by nitrogen gM rendered inc.itide«<.pnt 
by tho oleclric dj«charge),*or compo-<ed of this and of two, 
and in some few of three, ether such moncicJiroinatie 
ru)8, one of which correspond^ to ouo of the hydrogen 
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liaes of tlie solar speGtruca Such, in. brief sammaty, are 
the remarkable and important resalts obtained by Mr 
Haggina,” and fully corroborated by the observations of 
Lieut J Herschel, R E , made at Bangalore, with the great 
advantage of an Indian sky, by the aid of a spectroscopic 
apparatus furnished (with tiie telescope already mentioned) 
by the Royal Society for observation of the solar eclipse 
of Angust 18, 1863 " If any hesitation should remain os to 
the certainty of conclusions from the scrutiny of objects 
so excessively faint, it wiU be removed by a fact recorded 
by the last named observer, viz —that on removing the slit 
or limiting aperture of the spectroscope, and viewing through 
the prism the whole field of the telescope directed to Mes 
sier’s 46th cluster, a rich and brilliant assemblage of stars, 
inoludiQg among them the planetary nebula H IV 39, the 
latter was seen as a faint patch of light in the midst of an 
infinity of streaka, the continuous spectra of the individual 
stare ‘Nothing, ' he remarks, “could have been more 
conclusive as a test ’ " Had the light of the nebula not 
been monochromatic or nearly so, its dilatation by the 
prism would have precluded its being seen at all as a 
definite object ] 

[Note L, Art 858 a 

A {andamentally different method of treating the prob 
lem of the sun s proper motion from any of those desenbed 
in art 857, has been adopted by the present Astronomer 
Royal, by which the assumption of an approximate know! 


'» Phil Tran* 1864, 1868 

• Ptoce«duiga of the Royal Soaotf xvi p. 461 aod st pp 68 103 
” Ilxt XTil. 306 
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(896 e) Certainly the la'll placo in the hcavons m winch 
tlio (li<ico\cry of a new nebula woiilil have been cxpectedi 
18 within the clu'itcr of Iho Pleiadw Yet boro, clo^e over 
Mcropc, one of the nioro conspicuous stars of that cluster, 
on Oct 19, 1859, Mr Tempcl observed a largo bright neb 
ula which ho took for a comet, and was only undeceived 
when, on observing it next night, he found it unchanged 
in place Oil Dec SI, 1800, it was scon, though with some 
difficulty, bj himself and Dr Pope, with tho six feet re 
iractor at Marseilles Its place /or 1800 is D A S' 87" 52*, 
N P D 60* 40' 18* M Auwere describes it os 16 in ex 
tent and triangular m form — bat conceives that it mtpht 
have escaped previous notice by reason of its proximity 
to so bright a star ss Meropo 3ir Dind states also that 
he has often suspected nebulosity about some of the smaller 
outlying stars of the Pleiades 

(896 /) Not le'^ singular and startling is the observa 
tion by Mr Pogson of the bright and very conspicuous and 
well known nebula, the 80th of Messier a Catalogue, often 
observed, and described ns a compressed and beautiful 
globular cluster of very romute stirs, in R A 16' 8“ 41', 

N P D 112* 37 34* <28b0) While examining the neigh 
borhood of this object on May 28, 1860, his ittention was 
arrested '*by the startling appearance of a star, 7 8“, tn the 
place which the n^ula bad previously occupied " He had 
seen the nebula so recently as May 9 with the same tele 
scope and power, and it presented nothing unusual On 
June 10th the stellar appearance had vanished, but the 
cluster yet shone with unnsual bnlliancy and condensa 
tion Prof Luther and M Auwere bad also perceived the 
change bo early as May 21st, when it was rated as a star 
of the 6 7 magnitude On June 10th, the nebula had dis 
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appeared to Mr PogBon, tbougb M Auweis never qnilo 
lost sight o! It, and could perceive that the star was excen 
tnc. The occurrence of a temporary or a variable star in 
so peculiar a situation is assuredly \erj remarkable 

(896 g ) Lastly, a letter from Mr E B Powell, of 
Madras, an observer of too much experience and note 
to be easily deceived or to speak on light grounds, I am 
informed that the southern cud of the very remarkable 
lemniscatc shaped vacuity close to the bright central star in 
the nebula about ij Argus (see Plate IV fig 2) which, when 
the drawings were made from which that figure was taken, 
was efoseeZ and terminated by a strong and sharply cut out 
lino (marked b} a small star m the upper edge of that va 
cutty) 13 now decidedly openi More recent observations, 
however (by Lieut J Herschel) with an achromatic tele 
scope of five inches aperture, accompanied with careful 
drawings of the appearance of the nebula (taken on Kov 
22^, 1868), make it evident — \ That the lemniscate etiU 
exists as such, though (os might be expected) not so 
strongly defined as when seen with an instrument of su 
penot power, 2 That the relative situations of 48 out 
of 49 stars in the immediate vicinity of i? laid down in 
the drawings, in respect of the principal star have under 
gone no material change, the 49th being a very minute star 
of doubtful identity and, lastly that the principal star v 
itself, though greatly diminished in lustre occupies most 
decidedly ita old situation pretty deeply immersed in the 
brightest portion of the nebula on the following or east 
ern side of the lemniscate, and not (as stated in the last 
edition of this work, on what we considered sufficient 
authority) within the lemniscate or its remains, and out 
of the nebulosity 
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This IS perhaps the right place to mention that a general 
catalogue of nebnl© and clasters of stars (6,078 in number) 
in order of E A , and brought up to 1860, with precession 
for 1880, and descriptions, prepared bj the author of this 
work, has been published bjr the Boyal Society as Part I 
of the Philosophical Transactions for 1864 

(896 h ft ) Spectral observation, as already mentioned, 
has been recently applied to the brighter nebulre The 
light, even of the brightest of these objects is so exces 
Bively feeble (for it will be borne in mind that tdescopei 
afford no means of increasing the intrinsic brightness of a 
surjaei) that any perception of delicate, hair like, dark 
lines in their spectra like the fixed lines in that of the sun, 
18 not to be expected The phenomena which they exhibit, 
however are very peculiar, and more in analogy with those 
of flame or lucaadescent gases, than with solar or stellar 
sources of light The brighter globular cluster indeed, 
and those nebul® of irregular forms, which are either 
clearly resolved, or evidently of a resolvable character, 
give stellar ^ectn, i e trains of light of all gradations of 
refraugibility It is otherwise with many of those nebulas 
of Sir W Herscbel a 4th class, to which the designation 
‘ Planetary Nebnlra ’ has been applied and with some 
others of an irresolvable character among which are the 
great nebnlio in Onon and Argo The light of these is 
either monochromatic that is consisting of rays of one 
definite refr'ingihility (corresponding in all of them hitherto 
ob'^erved to the nitrogen line in the solar spectrum or to 
the light emitted by nitrogen gas rendered incandescent 
by the electric discharge) 'or composed of this and of two, 
and in some few cases of three other such monochromatic 
rays, one of which corresponds to one of the hydrogen 
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lines ol tbe solar spectrum. Sucb, in brief sammarj, are 
the remarkable and itnportant resalts obtained by Mr. 
Huggins,'* and fully corroborated by the observations of 
Lieut. J. Herschel, R.E., made at Bangalore, with the great 
advantage of an Indian sky, by tho aid of a spectroscopio 
apparatus furnished (with the telescope already mentioned) 
by the Royal Society for observation of the solar eclipse 
of August 18, 1863.'* If any hesitation should remain as to 
the certainty of conclusions from the scrutiny of objects 
so excessively faint, it will be removed by a fact recorded 
by the last-named observer, viz. — that on removing the slit 
or limiting aperture of the spectroscope, and viewing through 
the prism the whole field of the telescope directed to Mes- 
sier’s 46th cluster, a rich and brilliant assemblage of stars, 
including among them the planetary nebula H. IV 89, the 
latter was seen as a faint patch of light in the midst of an 
infinity of slreah, the continuous spectra of the individual 
stars. “Nothing, ” he remarks, "could have been more 
conclusive as a test “** Had the light of the nebula not 
been monochromatic or nearly so, its dilatation by the 
prism would have precluded its being seen at all as a 
definite object ] 

[Note L, Art 858 a 

A fundatnentally difiereut method of treating the prob- 
lem of the sun’s proper motion from any of those described 
in art 857, has been adopted by the present Astronomer 
Royal, by which the assumption of aa approximate kuowl- 


" Phil Trans 1864, 1868 

" Proceedings cl the Rojal Socie^, zn. p 461, and xtii pp S8, 103 
” Ibid, xnu 300 
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edge of the situation of the ‘*solor apex," la altogether 
dispensed with It consists in *refemng the absolute proper 
annual motions both of the sun and the stars used in the 
inquiry, to linear coordinates fixed in space, and treating 
the question as a purely geometrical one, according to the 
rules of the calculus of probabilities, basing his procedure 
on two distinct assumptions, between which the truth must 
lie, VIZ — 1 That all the "irregulanties of proper motion" 
(meaning thereby all the residual amounts of annual move 
ment in each case, which are not accountable for by solar 
motion) are mere results of error of observation and are 
not caused by any real motions in the stars This is evi 
dently an extreme supposition —2 That none of such re 
sidual movements are due to error of observation, but 
all originate m real stellar movement This la as clearly 
an extreme supposition the other way Assuming then 
M Struve’s classification of the stars according to a scale 
of distances which has at least no prtmd facte improbability, 
and using for the purpose those 113 stars of a catalogue 
prepared with great care by Mr Mam, and published in 
the Memoirs of the Astronomical Society, ' which indi 
cate great proper motion, ho arrives at the following con 
elusions as to the situation of the apex, and the annual 
parallactic motion of the bud as seen from s star of the 
first magnitude, on each of these two suppositions 


1st Supposition 


j Solar apex in R A 206 ® 64 , N P D 60® 81' 
( Parallactic motion 1' 269 


2d Supposition 


( Solar apex B A 261® 29 , N P D 66® 16 
( Parallactic motion 1' 912 


bo far as the situation of the apex is concerned, both 
these results stand in what (considering the nature of the 
subject) may be called good accordance with those of 



OUTUSES OF ASmOXOiTY 


869 


our art. 854. The parallactic motion (or which comes to the 
same, the actaal relocitj of tbo solar motion) is, indeed, 
mnch greater than that of arL 858. But this evidently ro* 
salts from the restriction of the inquiry to stars of great 
^proper motion. * 

(858 b.) These results were deduced by Mr. Airy in a 
memoir communicated to the Roy. Ast. Soc. in 1859. The 
subject has since been resumed (avowedly in extension of 
the same principle to a larger list of stars), by Mr. Dnnkin, 
who, using the same geometrical formula;, bat basing his 
results on the observed proper motions of 1167 stars, 819 
in the northern and 348 in the southern hemisphere, of 
all magnitudes, and all {sensible) amounts of proper motion, 
arrives at the following results on cither of Mr. Airy’s two 
extreme sappositions: 

lat <?unnrtqitirtn i ^olar apcx m R.A. 261* 14', N.P.D. 67* 6'. 
1st Supposition I paraihStio motion 0*-8346. 

9,1 «tHnno<.itmn i Solar apex 263* 44'; N. P.D 65*0'. 

2d Supposition I ' ^ 

Agreeing remarkably (os to the second supposition, which 
is by far the more reasoonble of the two) with the other, 
and, as regards both, exhibiting an almost perfect accord* 
ance in respect of parallactic^ motion with M. Struve’s ro* 
suits as given in art. 868 

(868 c.) A very extraordinary circumstance temaina to 
be noticed. From the general agreement of all the results 
of the investigations of so many astronomers and matbe- 
znaticians, entering on the inquiry m such various ways, 
and employing such a multitude of stars so variously com* 
bined, there cannot remain a shadow of doubt either as to 
the reality of the solar motion, or as to its direction in space 
toward a point very near to R. A. 269®, N. P. D. 68*. As 
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to its velocity there is tilso c\cry reason to believe that 
it IS not extravagantly o\cr or underestimated in the 
statement above giicn Bat when ?ve come to ascertain 
by calculation how largo ft portion of the whole proper 
motions ot the stars, how much of that general residuum 
or caput mortuum alluded to in art 850, as left outstanding 
after precession, aberration, and nutation, have exercised 
their solvent influences on it, remains yet unaccounted 
for, we shall find it includes by far the larger part of the 
total phenomenon of stellar proper motion The sum of 
the squares of the total residua (in seconds of arc), uneor 
Tteted for the proper motion of the sun, for example, Jn 
Mr Dunkin’a 1167 stars are, in R A , 78 7683, and in 
N P D 63 2608 And when corrected for the ciTect of thot 
motion (so concluded), they are represented in R A by 
76 6881, and in N P D by 60 0034 No one need be sur 
pnsed at this If the sun move in space, why not also the 
stars? and if so it would be manifestly absurd to expect 
that any movement could be assigned to the sun by any 
system of calculation which should account for mors than 
a very small portion of the totality of the observed displace* 
meats Bat what is indeed astonishing in the whole affair, 

IS, that among all this chaotic heap of miscellaneous move 
meat, among all this drift of cosmical atoms, of the laws 
of whose motions we know absolutely nothing, it shouM 
be possible to place the finger on one small portion of the 
sum total, to all appearance indistinguishably mixed up 
with the rest, and to declare with full assurance that this 
particular portion of the whole is due to the proper motion 
oi onr own system ] 1 
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U on 400 aotc^ 

Tbe refcnnct! of tic dark linn ia Ilia aolaf ipectram to abscrptire action in 
tl 0 tiun’e atmocptiera hu of Ute Rccired a motl uaaxp<H:ce<l condiTaauon and 
It maj now 1>« coos dcrtd as almoai certain that tlicf owe their origin to the 
{re^eoce In that ataoepLero of the eapora of metals tad meltUo'ds {dtnlicil 
wUli those which ecist hen on earth Theae etpon or manj of them hare 
keen shown bf Klrehoff Bunsen and FIteau to possess th« singular propertj, 
when preseoi in an oniumrd (or meuUic) attiO in a flame of dostrojlng b tho 
spectrum of that flame njt of frtcM/ tho tcfrtngihiliilcs of ihoso which thej 
thctnselTes when homing emit in pccuhar abundance. Though there Is some* 
thing so enigmaLctl ns almost to appear aell-contndletory in tho facta adduced 
—the conclusion, esp«<dal>f sa appll^ to tha most conspicuous of all the linea 
(one double one In the yellow, marked D by Fraunhofer, and which owes its 
origin to ted/um) seems inenithle The spectra of some of ihs stars seem to 
indicate the presence of chemical clementa a«< IdenUflablo with any terrestrial 
onee ] 

[iVote N, Art 605 a a 

(605 a a ) Since tbe publication of tbe later editions of 
ibis work, meteoric phenomena have engaged tbe assiduous 
attention of many zealous and dcroted obserrers, and have 
acquired an especial interest from tbo reappearance, in 1866, 
of the great November display mentioned in art 600, under 
circumstances which render it an epoch in what may hence 
forward be very properly termed Meteoric Astbovomy. 
Before giving any account of these, however, it will bo 
proper to mention that by tbe exertions of a Committee 
of tbe British Association, consisting of Mr Brayley, 
Mr Glaishet, Mr Greg, and Mr A S Herschel, acting in 
conjunction with numerous coadjutors scattered over the 
area of our island (and in correspondence with M Heis, 
Prof Haidinger, and other continental observers and mete 
orologists), observing on the plan originally followed by 
Benzenburg^ and Brondes (much improved, however, and 
singularly facilitated by the use of a senes of charts spe 
cially constructed on the guomomc projection for the purpose 
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bjr the last named member of the committee), a vast collcc 
tion of observations for the determination of the heights of 
appearance and disappearance, the velocities, and paths, 
of mdiMdual moteom, has been accumulated, and a con 
siderablo number of additional radiant points correspond 
ing to dates of periodic recurrence other than those of 
August 10 and November 13, determined As regards the 
heights of appearance and disappearance, and the velocities 
(understanding, of course, the relat»,e \elocities resulting 
from the aimultaneocs motions of the earth and the me 
teor), the general result of these observations seems to be 
1st, to assign a height intermediate between 20 and 180 
British statute miles above the earth’s surface, for that to 
which the luminous or visible portion of the trajectorj of 
non delonatiny meteors is conBned, with average heights of 
first appearance and final disappearance of 70 and 5i miles 
respectively, so far corroborating the evidence afforled 
by auroral phenomena of the extension of our atmosphere 
much beyond the usually assigned hroits of 45 miles 2dly, 
a relatne velocity intermediate between 17 and 80 miles 
per second with a general avetage of about S4 miles fully 
beanng out the earlier conclusions of Benzenburg and 
Brandes, and 8dly, a senes of radiant points and anneal 
epochs of which the following (exclusive of those of Aug 
10 and Nov IS) are the most rematkable 

Jsn 2d BA 234* N dec. B3* 

April 20lli • 35* 

Oct, 18th 90* 16 

Dec. 12th Wb’ 30 

(905 6 J ) As regards the Kovember display — On trac 
ing bacb the records of meteoric phenomena so far as they 
have been preserved by history or tradition, it has been as 
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certaioed (chjcflj by the labonoas researches of Prof Now 
ton of New Haven, US) that no less than twehe‘' such 
displays, well characterized, have been noltcfd and recorded 
as ocenmng from the year A D 902 onward down to 1833, 
both inclusive, viz in the years A D 902, 934, 1002, 1101, 
1202, 1368, 1633, 1602, 1698, 1799, 1832, 1833, all which are 
comprised within a chain of epochs breaLing the interval 
between 902 and 1833 into periods of 32, 33, or 84 years 
each, correspouding to an average of 33 24 (331) yoi^rs, or of 
four such occorrcocca in 183 years As to the calendar 
daUs of the displays, the earliest, in A P 902, bears the 
date Oct 18, OS, and the others advance (with some 
considerable irregularities) in the calendar up to 1633, 
Nov 18, N S Converting these dates into Julian days 
current (arts. 929, 980), we find them to be respectively 
2,050,799 and 2 890,679, the difference of which, 340,068 
days, exceeds 931 tropical years (=840 040*) by 28 days, so 
that the dates advance in the calendar at an average rate of 
28 days in 931 years, or almost exactly 8 days in a century 
The general impression resulting from the intervals of 33 
and 34 years between the great displays of 1799 and 1832, 
1833, that a similar one might be expected in 1866 or 2867, 
was by this converted almost into a certainty, and on the 
strength of this induction a grand meteoric exhibition on 
the night between Nov 18 and 14 1866, was announced 
as almost sure to take place, and all observers were fore 
warned to be on the watch The verification of this predie 
tiou will be fresh in the recollection of our readers, and the 


That of a. & 931 Oct. IS 08 is her« wnitted. It seems to baye been 
but s feeble ezhlb boa sn bre^nUr ptecursor of tbe more normal one of Oct. 
14 934 
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ppectttclc prcpenied by tho heavens on that night though 
falling short of what tho glowing and no doubt exaggerated 
descriptions of tho phonomooon of 1709 might have Jed 
some to expect, was such as can never ho forgotten by those 
who witnessed it Those who were not so fortunate will do 
well to be on the watch on tho samo anniversary in the cur 
rent year 1867 '• 

(90o c c ) Attention being especially directed to the situ 
atioD of tho radiant on this occasion, it was fixed (m refer 
cnce to tho ecliptic) in long 142° 85 , lat 10° 27 N , at a 
point between the stars C and » Lconia, and somewhat above 
tho star marhed x in that constellation in JJode s Catalogno 
Now tho longitude of tho earth at that time, ns seen from 
the sun, was Cl° 28 , so that tho radiant (in confinnotiOD of 
0 remark made by Prof Encko on the occasion of the dia 
play of 1833) if projeoted on the plane of the ecliptic would 
bo almost exactly m tho direction of a tangent to tho earth s 
orbit at the moment, or in *the apex of the earth s way 
Hence it follows, that, regarding each meteor as a small 
pJanet, it must have been revolving (i« a retrograde dtrec 
tion so as to meet the earth) either in a circle concentric with 
the earth s orbit (a thing in itself most improbable, and 
which would bring about a rencounter every year, contrary 
to observation) or in an ellipee having either its perihelion 
or its aphelion coincident, or very nearly so, with the point 
of rencounter at the descending node, in loogitnde 51° 28 , 


1* On that occasion (Hot 13 and 14, 1867) tbe principal display took place 
mlongitodea much westWard of our island At Bloomington tndiaDa IT S 63B 
•were seen ly Prof. Exrkwood between is and CIl 16m A.if Off Mar 
Unique ther appeared U a bnlliant eltower and at Tnnidad according to Com 
mander Cblmmo 1600 tvero counted tetween 8h. A.U. and dajl gbt wb le at 
Naeeau In the Bahamas Captain Bbtart and Ms co-observera n^tered 1040 
between lb Om. and CM 34m. A U. 
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and as a necessary conseqoence with its major axis lying in 
or very nearly in the plane of the ecliptic. 

(905 (i (i.) Admitting the meteors to be revolving plane* 
tules, the recurrcnco of these rencounters at average intervals 
of 4 in 188 years is explicable on two distinct hypotheses as 
to the kind of ellipse described by the meteoric group. It 
maj' be either one very nearly approaching to a circle de- 
scribed in a period not very different from a sidereal year, 
or a very elongated one described in the exact period of 831 
of such years. We will consider the cases separately. The 
first supposition admits of the adoption of two distinct elUp* 
ses:— Ist, that suggested by Prof. Newton, in which the ren* 
counter takes place at the aphelion of an ellipse described in 
854*‘67, or IV'dT short of a sidereal year, corresponding to a 
semiazis 0 981, and an excentricity 0 0201, or, 2dly, that 
proposed by the writer of an article on Meteoric Showers 
in the “Edinburgh Beview” for Janaary, 1867, where it is 
supposed to happen at the penAefion of an ellipse described 
in 376* 66, or 11*'83 more than a year— corresponding to a 
semiaxis 1 021, and an excentriciiy 0 0192. In the first of 
these ellipses, a meteor revolving would in each sidereal 
year gain 10” 60' in its orbit on a complete revolution, and 
in the other would lose as much, so that at the end of S3 
years, In the former case it would be found to bare overshot 
the original point of rencounter by 2* 30', and in the latter to 
fall short of it by just so much: and tracing it round from 
revolution to revoIuUon, it will be found in either case that 
after a series of intervals sacceediog each other in the cycle 
83, 83, S3, 84 years, the meteor will always be found so near 
the original point of rencounter that an extension of the 
■whole group so as to occupy 11* in their common orbit will 
render extremely probable, and one of 22* will insure its 
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liimrtmUoii by llio cnrth nt Bome point or other, a 
probnbiutj (>( mieb ponolrabon taking place wi« to 

muooiHlvo.Mftrn c.rr -Schia- 

(m . r.) Tho other hypothesis, suggested by j ^ 
imrolli (Dlrrolnt ot the Obaorrnlory at Milan), la 

rtuti'omitor ut or vor\ near to tho penhehon o an e 

^ tn tiio fttid an excen 

nsi ) onrM, oorrcHponding to a somtoxis lU ow. 

trlelty 0 0083; tlio nncounlor m this, os m the 
plnoo alho lit tho discojuling node Such a pen ’ 
idiK'd with an twltml of tho group on the orbit 
ovoupy Homowlml more tlmn a year in passing 
luiiU* (f,# lii of Uh uholti clroumforcnce), would 
ronoountoi'H in proolnol) tho eamo cycle of years, m 
prohaldllt) , and if of twioo that extent with a ce am ^ 
their Impponhig A»i iiioroiuiod extent of the gro p 
somewhat beyond tills would gl\o rise to a frequent oc 
ronco of two or ovou three rouooiinters in onnual auccessio^ 
and would thoroforo oovtr tho whole senes of recor 
instances 

•a^ (006 / /) Tlio regular odvnnoo of throe days per century 
in tho calendar date of tho phononioDon is partly accounted 
f r bV tbo greater length of tho sidereal year (which brings 
h earth round to tho same point in its orbit) is compared 
th the tropical year (which brings it to the same longitude, 
from the receding equinox, by which the calendar 
lated) This accounts for 1* 4 per century, the re 
IS g gjjyo from n slow and regular advance m 

taftiniuB ^ amount of 1® 86 per century, 

tUo place c annum due probably to planetary perturbation, 
or 6T' ® doubt to the disturbing action of tho earth 

nud ^ocessive’rassag^^oagh the group 
itself in Qjj either of tb^ '^'ormer orbits the^ ; xitj 
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of the meteors will be verj nearly equal to that of the earth 
m a retrograde dircctioD) whence it will rcadtl} appear that 
the true inclination of the orbit will be almost exactly dou 
ble the apparent — that is to say, 20* 64 In the case of the 
long ellipse, the velocity of the meteor in pcnhelio will bo 
found to bo to that of the earth as 1 S71 1, so that soppos 
ing AO to be the earth’s orbit, and bd that of the meteor, the 





apparent inclination bad being 10* 27 , and the sides bd, da, 
respectively, 1 371 and 1, we shall find the angle dbasT* 13 , 
and therefore the trae lacliaation BDCslS* 31 

(90o hh) The supposition of minnte planetary bodies rc 
volviog ID a nearly circular orbit of almost exactly the 
dimensions of the earth s in a retrograde direction, and at 
an inclination not greater than that of some of the asteroids, 
stands in such strong opposition to all the analogies of our 
system, as to render it m itself highly improbable, add to 
which, that (as no perturbative action coaid possibly have 
flang them from without into such an orbit) they must be 
supposed to bare so circulated for countless ages, during 
which time their innumerable rencounters with the earth 
must have torn the gronp to pieces and scattered all its 
members which escaped extinction into orbits of every dif 
ierent inclination and exccntncity On the other hand the 
ellipse of 83^1 has a decidedly cometary character, and in 
soch, retrograde motion is not uncommon By a most 
singular coincidence remarked almost simultaneously by 
Messrs Peters and Schiaparelli (a coincidence too close 


878 


OUTUNES OP ASTEONOlfY 


and striking to admit of hwitation as to their community 
of origin), the elcinentg of the first comet of 1866, discov- 
ered by il. Tempol, coincide almost precisely, jn every par- 
ticular except in tho date of the perihelion passage, with 
those we have just derived from the very simple considera- 
tions adduced. The parallel is as below: 


'' ltet«orla Orbit 

Perihelion . . . Uor 13, 186C 

Perihelion dUtanco ... 0 9893** 

&ccntricrt7 , . . 0 8033 

Seraaxia major ... 10 340 

locJioaliOQ ... 18* 31/ 

Long Oeacending node . . or 28' 

Penodic timo . . 33, 35 

. Retrograde 


Tempel s Comet 
Jan 1],1866 
0 STG5 
0 9054 
10 324 
17' 18' I 
61' 26' 1 
33 178 
Retrograde*' 


(905 i i.) It Will not fail to have been observed that a 
major semiaxis 10 34 with a penbehon distance 1 will throw 
the aphehoQ of the meteoric orbit to a distance from the 
sun=:19 68, that is to say, but a short distance beyond the 
orbit of Uranus; while the fact of the axis major itself lying 
exactly or at least very nearly in the plane of the ecliptic, a 
plane itself very bttle inclined to the orbit of Uranus, will 
insure a very near appnlse of the meteors to that planet 
whenever their two mean motions may have brought or may 
hereafter bring them to the corresponding parts of their 
orbits, allowing for the change (if any) in the position of 
the axis. We say, if any, for it la not of necessity the same 


•0 Tlufi 18 tbe earth's radios eector ou Not 13 

II The computatioDB ot Sig Schlapsiolb, landed on a somewhat different 

g 'od, we are inclined to think, leas aceuiate) situation of the radiant of last 
OTember, lead him to assign tbe date Nor 10 for tbe perihelion passage, and 
to tho penhehon itself the longstode 66* 55' 9, again agreeing well with that of 
lie comet in guestion. which is 60* 2S’ But we have preferred (aeoidiiig all 
niceties, which, in the actual uBcertautf as to the exact place of the radiant, 
are, after all, premature), for the sake of perspicuity, to present the chain of 
reasoning m a form requiring almost no wculation 
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as that q[ the node, and, thoagh calcainblo, luis not os yet 
been calculated. This, however, docs not affect the conclu- 
sion that such near appulse must at some former time have 
taken place, aud will do so again SI Leicrner, to whom 
these considemtious seem to have occurred independent!), 
has concluded that it did take place about the year A D. 
126, and the motion of both bodies being very slow at that 
time (the %clocity o! the meteors being in apbclio only 0 07 
of that of the earth, or only 1 82 mile per second), they 
would remain for a long time within the influence of the 
planet's disturbing power, while at the same time that power 
would be acting at the greatest advantage to produce dcflcc 
tion from their line of motion Hence that illustrious as- 
tronomer was led to conclude, that, just ns Jupiter on a 
similar occasion seized on and threw into an orbit of short 
period Lcxell’s comet (see an 685), so at that epoch a wan 
denng group ot planctulcs, whoso existence would, but for 
that meeting, have never become known to us, was deflected 
into the ellipse they actually describe Sig Schiaparelli, 
on the other hand, considering that the semi minor axis oi 
the meteoric ellipse is but small (0 441) so that by reason 
of the moderate incbnation the meteor in its course can 
never nse much more than 1{ radius of the earth’s orbit 
above Its plane, appears disposed to attribute their present 
form of orbit to the attraction of Jupiter or Saturn, within 
whose disturbing influence he considers that they must at 
some period or other have passed, an opinion which appears 
to us less probable, inasmuch as the disturbing force would 
ID that case have tended chiefly in a direction at right angles 
xo the plane of their motion, and (by reason of the much 
greiter velocities of both bodies) have acted for a much 
s'lorter time 
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{^05 jj ) For the meteors of the 10th of Aagast, adopt 
iQg na the place of the radiant the star i Peraei, assigned by 
the observations of Mr A B Herachel in 1863, and assuin 
tng the orbit to be a parabola (an assumption which deter 
mines the velocity at the moment of rencounter, being to that 
of the earth regarded os desenbing a cirolS, in the constant 
ratio of ^ 1), a velocity which he fouud to agree toler 
ably well with that directly determined hy Mr Herschel 
and his co observers on the same occasion, M SchiaparelU 
has also computed the elements of ihetr orbit And again, 
by a coincidence hardly less atriLing, these are found to 
agree with the elements of the great comet of 1862, as the 
following comparison will show 



■EsjCSaliDH 


tbrougb d«8C«Q<l og K'o<l« 
Penhel OQ PMsuge 

oi Penhelioa 
tilde of Aicendifiz Kode 

Isci cat OQ 

Pe^ hel an ZTistsoce 

Penod 

Uo(OD 

18e« Aug ID 15 
— July 23 63 
3«* S3 

13%* 1$ 

64* 3 

00643 

Retrograde i 

1862 Aug 23 9 
3M* 41 

131* 21 

66* 25 

0 9626 

133 U 

Relrugrade 


Without supposing the orbit absolutely parabolic an ellipse 
of long period (say 124 years) would equally well satisfy the 
conditions, but to make the reocounter annual, a complete 
annular or elliptic stream of meteors would be required 
The radiant point of the August meteors, however, seems 
hardly so definite as that of the Nbtember group, the deter 
mination in different years by different observers differing 
considerably Both these coosideratioos would seem to 
authorize the ascription of a far higher antiquity to the 
introduction of this assemblage into our system, gmng 
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time not onlj for the indiridafll meteors to gain or lose 
npon each other in coose<iacDce oi mionte differences in 
their periodic time, so ns to draw oat the original group 
into a stream, hat to disperse themselves over considcmhle 
(lifTercnccs of inclination and cxcentricity bj the effect of the 
earth's perturbative action, while all the phenomena of the 
Hovemher group point to a much mote recent origin. 

[Abftf O, Art. 895. 

(S95 b b.) The total solar eclipse of Aagnst 18, 1863, 
which, commencing not far from Aden, at the entrance of 
the Bed Sea, traversed the whole peninsula of India from 
Malwa to Masulipatam, and punned its course eastward and 
southward across the Malayan peninsula, to the extreme 
northern point of Australia, afforded an excellent oppor* 
tanitj for the critical examination of the marginal proto* 
berances os well as the phenomena of iho coronaj which, 
if seen at all from a station on the central line, could not 
be held to originate in the earth's atmosphere by reason of 
the great breadth of the total shadow (at least 116 miles). 
Accordingly, it was eagerly seized, and competent ob* 
servers, well famished with every requisite instrument 
and means of observation and record, took up their sta* 
tions at points on or very nearly adjacent to the central 
Vine. The anusnal duration of the total obscuration, being 
nearly six minutes, allowed ample time for making all the 
necessary observations, as well as for securing photographs, 
which last desideratum was successfully accomplished at 
Guntoor in India, by skilled photographers under the direc- 
tion of Major Tennant, as also at Aden. The final results 
may be thus briefly stated. — 1. The darkness was by no 
means so great hs was eiqiectcd: doubtless, owing to the 
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great amount of light emitted by the corona and the mar 
ginal prominences Tho light of tho former gave a con 
tinuouB spectrum, and moreover was found to he distinctly 
and strongly polarised, everywhere in a plane passing 
through tho point examined and the sun's centre This 
establishes boyond all possible doubt its ongin in reflec 
tion from a solar atmosphere exterior to the photosphere 
(or at least of some sort of envelope, whether atmospheric 
or nebulous in its nature and connection with the sun) of 
vast extent, though probably of small density, and is alto 
gether opposed to its origination in that of our earth, our 
sky light so near the son exhibiting no trace of polanza 
tion — 2 The red prominences, which were numerous and 
most remarkable, showed no sign of polarization, and were, 
therefore, self luminous One of them, the most conspicu 
ous, projected like a horn or tall exeres 
cence to the distance of 8 10' from the 
true limb of the sun, which corresponds 
to a vertical elevation of 90 200 miles 
above the level of the photosphere Its 
outhne, as photographed at (Jontoor, was 
as m the annexed diagram, indicating 
hy Its markings a spiral form like that 
which might be conceived to result 
from a combined rotatory and ascen 
sional movement, as of a vast column of 
Ignited vapor rushing upward with a swirl 
from the photosphere into tho higher regions of a non 
Inminous atmosphere— 5 The light of the prominences 
subjected to speotroscopio examination was in accordance 
with this idea It gave no continuous spectrum, but ap 
peared to consist of distinct monocTiromatic rays, or definite 
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hrijJit hn^s (chanctenstic of mcondefccot gaacs) Of these, 
JansEen, stationed at Gontoor, saw six, in the red, yel 
loi», green, bloc, nnd tioIcV regions of the spectrum , two of 
them corresponding to Fraunhofer a lines c, F, lodicatiro 
of hydrogen Major Tennant, at the same station, perceued 
only four, viz. C in the red, and d in the orange (corre 
spending respectively to hydrogen and sodium) — one m 
the green near r (hydrogen), and a fourth seen with dtfS 
culty 10 the blue near to G Lieutenant Hcrschcl at Jam* 
kandi (where the total phase of the eclipse was much inter 
feted with by passing clouds) perceived distinctly three 
vivid lines, red, orange, and blue, and no others, nor any 
trace of a continuous spectrum The orange line proved 
by measurement to coincide precisely with d, the others 
approximated to c and r, and probably, the difBcolt circum 
stances of the measurements considered, were coincident 
with those lines M Bayet at Wah Tonne, m the Malayan 
pcninanla, noted no less than nine brilliant bnes correspond 
ing to the solar dark hues b D, e, b, r, two adjacent to g, 
and one between b and r (probably Barium) These obser 
vations are quite decisive as to the gaseous nature and 
vehement incandescence of the promiocuces, and indicate 
astonishingly powerful ascensional movements of what 
might be called flame (were combustion possible) in an 
utiacspbeie vepoeiug ou tbe phutoapheiu — 4 Besides xheae 
hard and sharply defined prominences, were also seen 
ranges irregular in form, of what might perhaps be con 
Hidered cloudy or vaporous matter, of less lotensity nnd 
softer outline 

(895 c c) Beasoning on the monochromatic character of 
the bght emitted by incandescent gases, and speculating 
on the extreme probability of the solar prominences being 
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la the nature of tumultuous ejections of such gases, jt had 
earjj occnrred both to Mr Huggins and Mr Xock-jer that 
they might possibly become the subject of spectroscopic 
study, as appendages to the sun's limb, or in the umbne 
of spots unilluminated by photospheric light, without the 
necessity of waiting for the rare occurrence of a total 
eclipse Accordingly, during the two years immediately 
preceding that of August 18, 1868, the former made several 
attempts with various spectroscopic and other contwrances 
(such as viewing the projected image of the sun’s border 
through combinations of colored glasses, etc ) to obtain 
a view of them, though without success, and the latter 
had applied for and obtamed from the Eojal Society a 
grant for the construction of an apparatus for the purpose, 
which, however, was not completed till after the occurrence 
of the eclipse Meanwhile the actual observation of the 
monochromatic character of tbeir light and the exact co 
incidence of their lines with situations which in the spec 
tram of the photosphere are marked hy n deiicieney of 
hght, at once snggested to M Janssen, os it did aho 
to liieutenant Herscbel, the possibility of discerning, or at 
all events of, as it were, feeling them out, the former 
by means of the spectroscope, the latter combinations 
of colored glasses M Janssen, on the day immediately 
folldwing the eclipse, put bis conception into practice, and 
at once succeeded Placing the slit of his spectroscope so 
os partly to be illuminated by the edge of the photosphere, 
and partly by the light (from whatever origin) exterior to 
it, he found the spectrum of the former portion in the imme 
diale neighborhood of the ray o to be crossed (ns might bo 
expected) by that dark lino At the point of the limb to 
which his examination was fiiat directed, nothing was seen 
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bojond Bat, on shifting the point of examination gnid 
nally along the limb, a small dot of ruddy light was per 
ceired, in exact continaation ontward of the dark line, 
which, on continuing the movement of the spectroscope 
along the limb in the “amo direction, gradually lengthened, 
and then again shortened thus revealing the existence of 
a prominence giving out that particular monochromatic red, 
whose form and onllinc he was thus enabled to trace out 
Directing his attention, m like manner, to the dark line f, 
the same phenomenon was repeated, in the tint proper to 
that region of the spectrum At some points it was also 
observed that the bright line of the prominence encroached 
upon and extended into the corresponding dark line of the 
photosphere 

(8Do ej d ) Mr Lockyer s apparatus having meanwhile 
been completed he was at length enabled to nuuounco 
(on October 20) that after a number of failures which made 
the attempt seem hopeless he bad at length succeeded m 
observing, as part of the spectrum of a solar prominence, 
three bright lines, one absolutely coincident with C one 
near v and one nearly coincident with r On February 
16 1869 another practical step in the same direction was 
made by Mr Huggins wbo limiting by an ingenions 
contrivance the light admitted to his spectroscope to rays 
of about the refiangibility C widening the aUt sufSciently 
to admit of the whole prominence being included in its 
field, and absorbing the light of other refrangibihties so 
admitted by a ruby glass was enabled distinctly to per 
ceive at one view the form of the prominence Almost 
immediately after Mr Lockyer succeeded by merely widen 
mg the slit of bis spectroscope vnthovt the use of any ahsorp 
live media, in obtaining a clear view of the forms in qnes 
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tion “The solar and atmospheric spectra being hidden, 
and the image of the wide slit alone being visible, the 
telescope or slit is moved slowly, and the strange shadow* 
forms flit past Here one is reminded, by the fleecy infi- 
nitely delicate cload films, of an English hedgerow with 
luxuriant elms, here of a densely intertwined tropical 
forest, the intimately interwoven branches threading in all 
directions, the prominences generally expanding as they 
mount upward, and changing slowly, indeed almost imper- 
ceptibly ’ Lastly, on the 4th, 6th and 6th of May, Lieu- 
tenant Herschel found the spectrum of the solar envelope 
to be visible without difBcuIty, and without other aid thau 
the spectroscope adapted to his telescope, and was enabled 
to form a general picture of the distribution of the luminous 
region surrounding the sun Two prominences were in par 
ticular examined, one of which formed a luminous cloud 
floating 1 or 2 above the surface He perceived also (now 
for the first time) a fourth line near o (since seen re 
peatedJy), and subsequently another between t and o On 
this last occasion, having at first swept round the buu and 
found nothing particnlarly worthy of remark, on returning 
to the point of departure, be perceived the lines much more 
brilliant and intense than usual, and further scrutiny satis 
fled him that he had been witness to a “violent and spas 
modic eruption of vapor lasting only a few mmntesl 
The mode in which he was enabled thus to discern the 
forms of the solar clouds consisted in giving to the tel 
escope a vibratory motion up and down on the principle 
of the persistence of Inminoua impressions on the retina, 
by which the perception of the total form of an object re 
suits from the mental combinatton of a senes of linear sec 
tions of Its area And he descnbes the appearance of these 
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eolar clouds as “very amilar to terrestrml-^fleecy, irregular 
filiaped, aud illuminated, just such as eclipses ha>e told us 
they arc ” "We ha\e thus a new chapter of solar physics 
opened out, the commencement, doubtless, of a senes of 
grand discoveries as to the nature and constitution of the 
great central hody of our ayslera Mr Huggins has also 
applied spectrum analysis to the comm and tails of comets 
tn which he considers satisfactory proof to exist of tho 
presence ol carhon. 


LIST OF PLATES 


F\g 1 Facnlffi of the Bun 
F\g 2 Bpots on ditto 

Ftg 3 Appoarsnce of ditto In a total Eclipse 
F\ga 4, B BpoU aa seen tij Ur Dawes 


Plath IL I\g 1 
Ftg 2 
3 

Plate III Fig \ 
l\g 3 
/V7 3 


Uosaier'e 13lh Nebula resolTCd Into Btan 

The Comet of 1819 

The Nebula in Andromeda 

Mars as seen Aogust 16th, 1630 

Jupiter as s^n September 23d, 1832 

Saturn showtnic the Inttnor nogs and bells 


Plate IT 
Plate T 

Plate VI 


Plate A 
Plate B 

Plate 0 


Flp 1 The great Nebola id Orion 
F\g 2 The great Nebula in Argo 

?\e 1 Nebula (30 DoradOslm the Nubecula Uajer 

F\g 2 Lunar Volcano as shown bf a 20 feet reflecting Telescope, 
aperture 18 indiea. 

n, 1 V.rm. App.™c» "I H.U./. ConM « lO M 

AppsntioD . . • _ 

Reflector 
,g.„. of ft. 

V ] TL, i«T.a .tt.."" 

'Vj 2 The same in the neighborhood of a spot 
, portion of the Hoon’a aurtace. frwa a model by Ur Nasmyth 
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ii SYNOPTIC Table of the elements or the plane. 

TARY SYSTEM 

N B —» iLs BSiia d «bac« frca lix* ■ s. ef earth La 

uh>-a tar eVt/; T Ua r.«aa tUarea) Mnod la B:ea3 mIaT da/i, • iha cicea* 
tjiHsj ta dcdrual paru et ih* a^JLtU; i tie lacLuUoa ct ih* ortit lo 
ed Q (h« lae^^ta •( ih*«*ces<t^. t>ht, alhat ot lha (^rlhd<cia frvQ 
no 2 « M crus; I, ecaa tin;;' iHa «f i_« pUatl a: c^waat at lha e;«^eh 

JS, tjr wLJeh lha «Ue>rau are •tatc'l; It the dencelaator at tta taedca ex* 
ih* nu .4 at th* >*an. »>At at Ita aua Uisg 1; t> Ua dlaeaur ia 
• Zt d*aalt7, tta! r t thn earth g t, T iLa Cs* at fotatWa ea lU 
aiU; <t ttsa isna.'i aaspi’ar «r;aa:oHtl sLae^tfr ct lha imij e! t’« at Ita 

Btca.1 dt'Unea t'cra rarttt, la axi^da. • lha aHiptnnijr ct tha apharuul, at a 
ifxetUm ct tt-a aritatonal d asetcr. ^ tia Im! catloa at th« aia nuLoa %a 
th« (l%a« ft tla tl tha n«aa fttani't; ct aad t^*at taca<T«>l t^to 

th« nra, ihi: rrrHrt-l b/ lia aanh Ub^ J jia MittviiU ar» BSBsham] to 
ihnlf order of d trtrrtrj. 
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30 UranLi . . 

31 Fuplirosjno . 
33 Pomona . . 

33 Polyhymnia . 

34 Oirco . . 

35 Loucolhea , 
30 Alalanta . 

37 Kdea . . . 

38 Loda 
33 IictlLi 

40 TIarmonIa 

41 Danhno 
43 I<ia 

43 Arladno 

44 Nyaa 

45 Euf^nla 

46 Tlcut'a 

47 Aglala 
43 Dons 

49 Palos 
60 Virginia 
01 Nemsnsa 
69 Furopa 
63 Cat/^o 
54 Alexandra 
6S Pandora 

50 Mcloto 

07 Mnemosyne 
63 Concordia 
69 Olympia 

60 Echo 

61 Denao 

62 Emco 

63 AusoDia 

64 Angelina 

65 Maximiliana 

66 Maia 

67 Asia 
63 Leto 

69 Hespena 

70 Fanopoa 

71 Niobo 

72 FerODia 

73 Clytie 

74 Qalalea 

75 Furydice 

76 Freia 

77 Ftigga 

78 Diana 

79 Eurynome 
' 80 Sappho 


2 0 13 
20 26 0 0 

0 28 61-0 

1 56 16 9 

5 26 87 5 

3 10 33 1 
IS 41 61 6 

3 7 10 6 
0 63 25 3 

10 20 68 3 

4 15 63 3 
I 10 3 13 7 

8 34 29 3 
3 27 39 I 
3 41 40 9 

6 34 67 0 

2 IT 36 7 
0 0 9 6 

6 29 40 3 

3 3 45 1 

2 47 80 9 

3 47 63 0 

7 24 40 3 

6 6 42 7 

11 47 11 3 

7 13 28 1 

8 1 60 8 
16 8 1 6 

6 16 7 
8 37 41 3 
3 34 18 T 
18 16 32 9 

2 13 35 9 

0 46 54 6 

1 19 61 6 

3 33 9 5 

3 2 24 6 
5 69 27 3 

e 10 16 6 

8 28 25 0 
11 31 66 5 
23 18 29 S 
5 25 65 3 

2 24 67 6 

3 15 43 8 

4 69 8 8 

2 13 3 0 
2 27 66 2 
8 39 47 0 

4 36 50 5 
8 36 47-9 
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a 

P 

4 

i 

at 

Terpsfetor® . 

2 ?!44:3 

1252 22 

0 21001C1 

2 65 23 0 

82 

Alcneae . , 

2 TMIU 

1629 62 

0 3299055 

3 60 31 

V 

Jupiter. . . 

8-202HCO 

4332 29l«212 

0 0191636 

1 18 61 3 

b 

£4tara . , . 

0 33S28C1 

1A2S9 2199121 

O 05<1S03 

2 39 85 2 


Un&m . . 

13 U23300 

30«»4 820S236 

0-1H60653 

0 46 29 4 

lj£_ 

Keptune . . 

30 OS^^O 

60199 6395 

0 00919C3 

I 42 0-6 
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R 1 

■ 




• 

» 

u 

• 

« 



« 

M 



4 

V 

45 

57 

30 O 

74 

21 

46-9 

1G6 


48 6 

1801 

S*a 

ID, 0 

A 

24 

1< 

12-9 

138 

43 

S3 1 

11 

33 

3 0 

1)0 






99 

30 

50 

100 

39 

ID 2 

Do 



48 

6 

3 S 

333 

23 

56 C 

04 


65 5 

Do 


1 

80 

48 

47 9 

148 

27 

14 1 

25 

44 

60 C 

1804 

Oct 

12 0, 0 

2 

122 

42 

IS 1 

123 


43 1 

354 

41 

39-9 

1864 

Pept 

CD G 

3 

111 

52 

49 

54 

41 

96 

268 

18 

46 8 

U61 

JUQ«, 

8D, 0 

4 

103 

33 

11 7 

550 

as 

10 3 


31 

2 6 

isca 

^OT 

23D. C 

6 

111 

25 

43 5 

131 

20 

26 3 


24 

23 5 

tSCi 

Junt, 

20D, 0 

6 

U9 

31 

314 

rl5 

33 

13 6 

369 


16 9 

1855 


81D.B 

2 

253 

48 

13 3 

41 

19 

33 5 

8 

9 

6 5 

1SC2 

1^)5 


8 

110 

11 

49 6 

33 

54 

28 3 

68 

43 

31 9 

184S 



9 

69 

31 

68 4 

:i 

92 

19-0 

218 


48 7 

nu3 

w*r. 

30 0, B 

10 

286 

43 

es-o 

33t 

49 

67 7 


54 

1C 7 

16C2 

Apr 

36D, 0 

n 

125 


56 1 

317 

21 

4 7 


97 

4 5 

1862 

Julf, 

SI 0, D 

12 

215 

33 

11-9 

301 

56 

30 0 

312 

33 

62 4 

1851 


SO, G 

13 

43 

19 

45 4 

119 

0 

16 2 

III 

91 

59 4 

1864 

Jan 

10 0. P 

14 

8S 

42 

8 8 

180 

6 

33 9 

98 

57 

31 4 

1862 

June 

ID. O 

16 

293 

68 

20 7 

27 

37 

24 7 

101 

0 

21 6 

1862 

Jan 

80 0. vr 

16 

150 

3t 

6 

14 

44 

57 6 

230 


33 C 

1863 

Apr 

29 5, vr 

17 

125 

21 

37 2 

260 

40 

1 

215 

9 

1 

1860 

Julj. 

13D, D 

J3 

ISO 

4 

30 7 

IS 

0 

98 0 

167 

39 

30 9 

JB53 

Mar 

6D, 0 

19 


31 

183 

30 

29 

32 3 

41 

61 

13 5 

1860 

Hot 

8 0. Q 

20 

200 

43 

30 8 

98 

26 

23 4 

751 

2 

SO 8 

1863 

Aug 

29 6, B 

21 

80 

30 

56 2 

326 

27 

6 

349 

21 

33 0 

1860 

Jan 

19 0, 0 

22 

66 

36 

21 8 

56 

34 

13 1 

224 

46 

26 6 

1800 

Jan 

0 0, B 

23 

67 

39 

12 0 

121 

9 

7 

141 

3 

69 3 

1862 

Feb 


21 

36 

11 

48 1 

139 

49 



34 

30 7 

1862 

Oct 

23 0. O 

25 

214 

3 

1 

302 

63 




27 7 

1863 

Jan. 

13 0. B 

26 

45 

65 

3 4 

231 

60 

239 



30 0 

1660 

Feb 

CO O 

21 

93 

40 

22 1 

87 

40 

8-9 

311 

60 

5 

1863 

Jul/, 

23 0, B 

2! 


41 

9 S 

123 

65 

29 6 


3 

67 4 

1802 

Mar 


r. 

35( 

3! 

31-2 

61 

33 

121 

283 

40 

58 6 

1863 

June, 

80 0. B 

31 

30E 

If 

84 

36 

53 

49 C 

73 

59 

5 

1862 

Dee. 


3 

31 

2? 

40 ( 

94 

15 

64 

155 

10 

34 1 

1862 

Mar 


3' 

22( 


37 7 

104 

2 

32 a 

« 

29 

5 

1862 

Oet 

ID. W 


I 



342 

27 

S3 i 

285 

39 

12 6 


May, 


3 

164 

42 

23 0 

160 

14 

452 

109 

31 

22 0 

1863 

Jaa 
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NAMES OF DISCOVERERS AND DATES OF DISCOVERY 
OF THE ASTEROIDS 


Ceres 

Fallaa 

Juuo 

Tesla 

Astnea 

Hebe 

Flora 

Metis? 

Hygela 

Parthectope 

Victoria 

Egeria? 

I^t2& 

Eiinomta 

Psyche 

Thetis 

Uelpomese 

Forcuaa 

Usssilia 

lutetia 


Tbeoia? 

Phocea 

Ptosorpma 

Euterpe 

Bellona 

Amjililtrite 

Urania 

EiipArosyne 

Pomona 

Polyhymnia 

Circe 

ZieucotlieA 

Atalanta 

Fides 

Leda 

Iicetitia? 

Harmoma 

Daphne 

Isla? 

Ariadne 

Nyea 

Fiigenla? 

Hestia? 

Agiaia 


Piazzt 
OIbcra 
Harding 
01 here 
Heneka 
Hencka 
Tllnd 
Hind 
Graham 
OaaparLi 
Qasparis 
Hind 
Gaspane 
Bad 
Gaapans 
Gasparis 
Luther 
Hind 
Hind 
Gaapans 
Goldschmidt 
Had 
Hind 
Gasparia 
Chacoroao 
Luther 
Hiod 
Lnther 
j March 
f fVjgwn 
Bind 
Fergoeon 
Goldschmidt 
Cliacomac 
Cbacomac 
Luther 
Goldschmidt 
Luther 
Chaconne 
Cbscomac 
Goldschmidt 
Goldschmidt 
Fogson 
PugSOD 
Goldechnddt 
Goldschmidt 


Jaa 1. 1801 
Mar 28 1802 
Sept. 1, 1804. 
Mar 20 tS07 
Doe. 8, 1845 
July 1. 184T 
Aug 13 1841 
OCU 18 1841 
Apr 25 1848 
Apr 12 1849 
May 11. 1850 
Sept 13 1850 
Bor 12, 1850 
May 10 test 
July 29 1851 
Mar IT 1862 
Apr 11, 1852 
June 24 1852 
Aug 22 1852 
BepL 19 1852 
KoT 16 1852 
Bor 16, 1852 
Dec 16 1852 
Apr 6 1853 
Apr 6 1863 
May 6 1853 
Bor 8 1853 
Mar 1. 1864. 
Mar 1, 1854. 
ilar 2 2851. 
July 23 1864. 
Sept. 1 285A 
Oct. 26 1854. 
Oct 28 1854 
Apr 6 1854 
Apr 19 1665 
Oct 6 1866 
Oct 5 1855 
Tan 12 1866 
Feb 8 1856 
Mar 1 1866 
May 33 18S& 
May 23 1856 
Apr 16 1851 
May 21 1857 
June 23 1857 

Aug 16 lesr 

Bept 15 1851 
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Palest 

Ooldsehnldt 

Sept IS, 185t 

TIrgbia 

Fe'{:'t*oa 

Oct 4, 16S7 

Keffloasat 

tesrent 

Jaa. SS. 18S9 

Eli rope 

Gotd*chm!<tt 

Feb 4, lesa 

Calj^ 

Lather 

Apr 4 18S9 

Aluaadnt 

Ootdtehmldt 

Apr n. ISSS. 

Paador* 

Benrle 

SepL 10, I6SA 

Ifeleta 

Ocbtachfflldl 

Sept, s, test 

MnemMTse 

l^iiher 

Sept 3X JfiSS 

Octncordia 

Imihet 

Uar Tt. \%tt) 

Olfmpia 

Chaooraao 

Sept IS, 1660 

Echo 

Fergstoo 

Sept IS 1840 

Paala 

OotdechfflUt 

Sept 9, IBCO 

Erato 

Leeser 

Sept 14, iseo 

AdaobU 

Oa«peris 

Feb It, IBS! 

Assetiaa 

Tcapel 

Mar 0. 19CI 

UaxlmlUau 

Teapot 

Mar 10 1841 

Uala 

Tuulo 

Apr 10, 1801 

Alia 

rogtoQ 

Apr 18, 18C1 

Lsto 

Lather 

Apr 39, 1861 

llesperU 

SchtapereOI 

Apr 39 1861 

Panopea 

Ooldsehmidt 

U*7 8, 1861. 

Iiiobe 

Lather 

Aug 13, 1861 


Peters 

Jan 39 1863 

G/be 

Tuttle 

Apr 1 1663 

CHIatea 

Teeipel 

All? 39 1863 

Eurjdiee 

Peters 

Sept 33 I8C3 

Preia 

D’Amak 

Kor 14 1863 


Peters 

Nor 13 1863 

Diana 

Luther 

Mar 15. 1863 

Eurjoorae 

Wataoa 

Bcpt 14 1863 

Sappho 

Pogsoo 

Map S 1864 

Terpischora 

Tempet 

Sept SO 1884 

Alemeoe 

Lather 

Kor 31, 1864 


yffU. — 2ij307 eJ ll)« Dvfita pt il/» AftprvfAf *ppe»f iP p» yerj ophappnj' 
cboa«n. Tbns, ooafaaion It r«rj Itkelf to »nm In printing or Bpealnofr, b«* 
kweea In* U& l*ii, nsA Tbetts nn4 Mfetu. hs& 'Sbniib, 

TmU tod HmUv ond EgeiU Eg«ri* knd Eug«at& FallMand P&Ies. 

I* h too much to bopo th*t (be dae o ^ero r * of ib» latorffrlog menibera of tbeso 
pair* wOl reconsider tbdr neaeeT It ie not jet too late tbe Njnpbs, Dreads, 
Oceanidie etc., afford an Inflnlta choice of clnaale nafflca, gracefnt and eophoni 
out bfetia ta known to teyf a* a mjtbological name Pale* to fewer a* that of 
a female diTfblt^ NemacM to oone aa (he name of an/bodj (tbe andeot same 
of NUmaa waa Kemaostu). 
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SYNOPTIC TABLE OF THE ELEMENTS OF THE ORBITS 
OF THE SATELLITES, SO PAR AS THEY ARE KNOWN ' 

1 THB MOON 


Ueao distasoa from the earth 
Mean udereal rerolatlOD 
Mean BTnodieal ditto 
Exaeotnctt; of orbit. 

Meao rerolutloa o( nodes 
Mean reroludoa of apogeo « 
Mean longitude ot node at epoch 
Mean bngitnde of perigee at ditto 
Mean Inchnatioa of orb t 
Mean longitude of moon at epoch 
Mass that of the earth being 1 
Diameter m m1ea. 

Dens ij that of the earth being 1 


fiOr 37343300 
2Td 331661418 
29d 630588715 
0 0649080TO 
6783d 3810SQ 
8232d 876343 
13» 63 IT"? 

266 18 7 6 

5 8 89 -86 

118 IT 8 3 

0 011364 
3164*6 
0 66654 


epoch a Jan 1 1801 unless otherwise expreesoo i 
pressed in mean solar dajs 
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APPENDIX 


NAMES OP DISCOVERERS AND DATES OP DISCOVERY 


lo 

Semelo 

S7Wt& 

Thiebo 

Jutis 

Anliopo 

Undioa 
Ulnerra 
Aurora 
. Arethnsa 
•.Fgle 
Clotho 
laolha 

Qecato 

neUoa 

llirlam 

Hera 

Cljmene 

Arte mil 

Oiooe 


GAiparis 

Luther 

Polera 

Tietjea 

PogsoQ 

Peters 

fitopbao 

Luther 

Stephan 

Peters 

TTateoD 

Watson 

Luther 

Coggla 

Temp<H 

Peters 

Borell/ 

Watson 

Watson 

Potent 

WataoB 

WaUoB 

WatsoB 

Watson 


Apnl 26, 1865 
Aug 25, 1865 
Bopt 19 186S 
Jan 4 1866 
Mar 16 1866 
Judo 16, 1866 
Aug 6, 1866 
OcL 1, 1866 
Nor 4 1866 
Julr 26, 186T 
Aug 24, 1667 
Sept 6 1867 
Not 23, 1967 
Feb IT, 1868 
Feb 17. 1868 
April 18, 1869 
UST 26. 1869 
July 11, 1868 
Aug 15 1868 
Aug 23, 1868 
Sept 7,1868 
Sept. IS 1868 
Sept. 16, 1863 
Oct. 10. 1868 


ATFENDIX 


907 


TABLE OP NUMBERS M FREQUENT USE AMONG 
ASTRONOMERS (^Nou>F)» 


Logarithm 

liO; 

Heclprocal 

0 4977499 

1 75812*5 
5 3U4251 

9 5023501 

9 *418776 
4 6855749 

3 1126050 
6 4637261 
0 4342945 

3 8873950 
3 5362739 
9 5647055 

0 3622149 

9 637785] 

9 6963040 

0 3036960 

a 5759929 

9 4940077 

1 6951741 

6 4048259 

0 B058129 

9 1941671 

1 1864351 

8 8116649 

I 7655223 

8 2144777 

1 6929129 

8 4073377 

1 6076088 

8 4923912 

3 8983086 

6 101691* 

1 1682145 

8 83178SS 

2 4021892 

7 6978109 

1 1334U2 

8 8065888 

3 0371964 

6 9628036 

5 2822029 

4 7177971 

9 9988126 

0 0011874 

1 5625971 

7 43740*3 

2 5625809 

7 4374191 

7 4792729' 

3 5237274 

0 93336S8 

9 0666342 


prt^Tn!«r»co fii ft drtlo to diBSkGUr t » 3 1416931 

:Ko o2 dpt^rcM i& c renlar ftrc— fftd us SI 29S7195 

Vo. oi secoods Id cireuUr sro 20S‘’&1 S 

|So of seconds in tho wbo1ftdreumt«rGDce 

;0' l'>9C00ff 

Sa of 8ln« of 1 to rad us —1 0‘000'»009 

jbo wboso natural 2<^ntb(n u 1 r 3 71B291S 
lUutupt or to rdlaoo common to osturat 

loevsthms 2 303S851 

Anplitudo of tLe probability curre for 
I probabUtyi.} 0 41C9t 

lUulipler to reduce French meim to 

Brtshfeet 3 1809(J 

tfcUpler to reduce French metres to 

Bntshlneles 39 37079 

llfultpler to redoes French to see to 

Br tieh feet 0 394593 

'Uttltlpl tr to reduce French grammee to 
! Bnt eh grams 1S4234C0 

:tIuUipl er to reduce French I tree to 

BntUh cub c inches Cl 027043 

Length of leccods pondulucn loodoo 

I vacuum, «ea level in Inebee 39 73929 

Feloc Cy ( 0 feet per 1 ) generated by 

rraftyinl (Isl 35* 76') 32 18169 

Earth a mean d ametcr a Sr t eh standard 

nQee 7912 410 

Ueon barometne pre*eure at aea-level on 

1 square inch In lbs 14 7304 

17eight of 1 cubic loch of d soiled water 

62* Fabr bar 30 inebes in grams 25'* 458 
Spec fle gravity of mercury at 32* Fahr 

(Water at 40*) 13 596 

Velocity of sound In dry ^ at 32* Fahr 

in feet per second 1089 42 

Telocity of 1 gfat lu vacuo in Bni sh stand 

ard mles per second 191S15* 

Uult pi er to rednee s dereal dsya to mean 

solar days 0 9972696 

iUulUpI er to reduce $ deresl year lo mean 
1 solar days 363 2563672 

lUultipl er to reduce trop cal year to mean 
' solar days 36S 2422414 

UuIUpI er to reduce m^o synod c lutui 

i monlba lo mean solar fiaya 29 3363%?>'l 

The sun s mean cauatonal hotwontal par I 

allax 8 5776* 




Kamb«r ®r 
Multiplier 


The moon’s mean equatorial horizontalj 

parallax 

The bud’s mean apparent aomidlametcr . 
The moon’s mean apparent somldiametor 
OoDBtant of abomtloQ . .... 

Msximnm of nutation of obtiquitf of ecllpUc 
Maximum of nutation In lon^tude 
Mean annual proeoaslon of the cqalnoxes 

(for ItOO) 

Constant of refraction (—ref at 45* alt,' 
bar 29 6 tbenn. SO* Fahr ) . . 

Uoan horizontal refraction . . . 

.Mean obliquity of the ecUpiIc, Jan 1, ISOOj 


3422" 325 
961" 820 
934" 685 
20" 4452 
9" 2236 
17" 2524 

60" 23492 

67" S24 
1980" 

|23* 17' 27" 3; 


7 0169062 
j7 0293348 


|9 0350996 
la 7631505 





INDEX 


Jl B> mn ta tb« A/tlfW. aM ta tb« 

■M aft4«t*) b»ar«f«rva«aB«iaW »!..««(«• tkai it^ tn'ttwoem ritntfi (a 
anicla ciiod, mJ mttn) hi i 


A 

Asn&im* eS L<''l vtfUIud. 329 
nrvM^ptiical «S««U 3)1 Of 
ha la Bou<m 31) 

Irora{wUs. (<)) Sjh 
tesaU-*. 8'3 
Abb'll VT*!*. 18* 

Aenlmt^. twalar, of oooa'a e«ha 
laocbra, t48 
AcUma, M4 1C2 

AdJiaUBMt, Brrorg «f, la fautrosMaU. 
134 Ot pmlcaUr iftiuaacnu. (V* 
U>o«4 laiiniBt«aU.) 

A!>a». pnrtlaa of canb ritlbU freo. 33. 
n« gtt of, 33 Bo<«. 

AlT'thodM, BcIIpM of. 931 3. ho<) 
Tablo of E^a*. art. 934, 

Air, ranfaetlon of 33 Law of d«a 
aitr. 31 Tl«!rKt)V0|)ow«raS«eto4 
V woUiofo 41 

Alr7 (0 C , Eaq ). hi* raaalia laipo e U 
lag Cgqro of th« «arth 330 IU> 
oo portartebona of th« 
mnhbyVraoa T34 PectlSeation 
of t(io maa« of Jupiior, 1)T 
Ai'»Wnl« 4)4 
AM 811 

Aibtode, o»od to fiod time 139 
— — »nd uimuUi biatrument, 18T 
— -a. eqaal, method of, 18A 


A&froemii. aebiile la, 9T{ 

AojtWof po« boo Sit. Of* 

311 

Asttee, mmeamseet of ICJ ICl 
lioof. lOT 

Atxalar atW'ty, Uw of eatfatloB of, 
3)4 

Aeaslar oebolo, 91) 

Aeortal ttle xcar lit 
AeocaaJ^ of a pluet, <99 
AatamJ' drtle, 391 393 
Apni of •tarraUoo 313 Of paralUi, 
3t3 Of ?e*r«etl<ia 313 {Mar 8)4 
Of thooboic atari, 993. 994. 
Apbelloo 3C9 

Apor>« 889 Ofmooo, 409. rerlod 
of lie molaUoa CST 
ApeJdeo, 404, Iterolation of lunar, 
409 UoUon of, Inreatljraled, 611 
Appllcatloa to lasar, 616 Ifo* 
tioQ of llloatrated b/ eTperftoeot 
693. Of planetary orblu, 694 U 
bration of, 691 Uodon In orblu 
eery over lo rirctee, e9A fa ex 
centric orblu 691 
\t9j(o 391 S9S 433 116/ 811 
Atee t>t merWieo bow mmiored 111 
UMJiorea of eome 316 EoeeUo, 
Isdiao aod French 333 a Note D 
Amle circle 364 S63 
Anaa, Kopler'a law of SS3 , 400 

(DOD) 
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ISDEX 


Arpclander, liia rcBcarchcs on wlfcWo 
ulare, 820 on ann’a proper mo- 
Imn, 854 

Argo nebulio In, 897 Irrt^ulartlarf 
In constollation, 830, 89Q g, Koto K. 
Ariel, 551. 

ArlttlUua, 430 

Aeccnilon, rlghl. 108 (Peo Right 
oaconilon ) 

Aatcrolda, tlieir exlatcnce auapocted 
provuDui to Ibeir diaeorery, 60$ 
Appearance In telcaoopoa. 625 
Orarity on aurtaco of, 825, Flo* 
mcitla, Appoitiiix, Synoptic Table 
Total maaa of, incon«Mcr»blo, 625 
Lite of diacoverera, and dates of 
discovery (See Syuopiio Tables ) 
Attrsn discovery of 60S 
Valromcter, 783 

AstroDoay Ltymology, 11 Oeoetal 
Qoiioni, 11 

Atmosphere, oonstitution of, 33 
Possible limit of, 30 lu waves, 

37 Strata, 37 Causes refraetloo, 

38 Twilight, 44 Total mass of. 

242 Of Jupiter, 513 01 tlio aon, 

ace Sun Of the moon, 431 

Attraction of a sphero, 446-450 (See 
Gravitotlon ) To a spheroid 233 
Augmentation of moon’s apparoot 
diameter, 404. 

Angnatua. Lia reformation of rolauios 
in the Julian calendar, 610 Era 
et, 926 

Aurora Borealis, 116 
4.uatralSa. exceasivo summer tempera 
ture of 369 
Ansout, 168 note 
Averages of results, their use. 137 
Alls of the earth. 83 Rotation pw 
manent, 66 Major, of the earth a 
orbit, 373 Of ann’s rotation, 363 
Polar, ila e*»cl length, 323 «, 
Note D Equatorial, longer, Ib 


Axis of ft plinetary orbit Ifomentary 
vanabon of, caused by tho tangen* 
tint force only, G58, 660 Its vana* 
Uons periodical, 661 Invariabil* 
of, and bow nndenitood. 668 
Acisiutb, 103 

and ftUitudo lostrument, 187 


D 


CiBtvsr, Ills torsion gravimeter, 
Koto E 

Bally, his obserration of ennular 
ccllpeo of tlio Boa. 425 IIiB 
heeds. 425 


Barometer, nature of its iadication, 
33 Dae in calculating refractioa, 
43 In determining heights 287 
Base measurement of, 273 
Beads. Bally’s. 426 
Beer sod Msedler, their work on the 
moon, 429 

MuolJ.pItot.H! OfS.tu,».Mt 
BMecl. b3 reepMUng the Bg 

„„ el lb. eulh, 220 Unmet, 
~.r«ll*xof 61 Oveul, 872 


Biela’e comet, 679 . 

Biol, lus aeronautic ascent, 32 

Blrt. hl» esamlnauon of lunar craters, 
430 0 , Note H. 

Bissexble, 832 Omar’s proposal for 
its periodical omtaaiou, Note A on 
art. 926 

Bode, hb (bo caUed) law of planetary 
diBinncea, 505 Violated In the case 


of Neptune, 607. 

Boguslawskl, remarkable obaervatiou 
of Halley’s comet by, 671 note. 

Bohnenberger, his principle of coUima 
tion 179 

Bond, Prof , Us obaervatlonB of Into* 
nor ring of Batum. 621 His dia 
covery of an eighth sateUite of 
Batum, 648 



cwsx 


m 


Bwli, fcU prB'^ptfl of rvpetldOQ IM 
BovTftrd, lui (u^pieioa of extmeou 
Lafioenca on (frutu, TM 
Bre-w-of (®tr D ) tis polvizisg eyo* 
pleco, 191 d. 

Bn^ goomeirie (jsfrai el wefghti 
ud Bsiujrea 3*3 a fiolo D 
Bnras bU tofilM snTlraoter NoteK. 

C 

O^saB, hli re'iirtn of th« Bocrua ol 
end«r 011 

Cb.en(i.\r Jol^ 911 GregorUa 914. 
Oilmf, cquiorU) 114. 

Carnni^con uIat phoao<i]«oaa o(>- 
•erved b; 331 e Volo G IUa 
meuebea on ibo *40 • ipou lb. 
Cb m Bad effect, 139 and note. 
CkTeod sh bU expensent, 114 A 
Ccntn of tho earth 60 Of the ran, 
443 

of (rnritf SS9 R«*etotloo 
ab<»t,411 Oftbeeui^&adBoee 
491 Of the ran ud «enh 49| 
Centrifugal force Ell pile form of 
earth produced b 7 131 lUo* 
traced. 319 Compared vllb gray 
It/ 119 Of a bod/ rerolrlug on 
the earth ■ aurface 452 
Cerea diacorer/ of 609 
Cbaltia (Prof ) 904 note 
Charta eeleallal 111 Cooacructloaef 
191 Brem her • 608 and note. 
Cbineee recerda of comela 611 Of 
IrregiiUr sun 831 
Cbrooometer* hoir need for deCermlo 
log d leroneea of longitade 399 
Circle arctic ud antaret c 09 Ter 
Ileal. IQQ nour 106 Dirlded 1C3 
Ueridiau 111 Renectlog 19T Re 
pealing 193 Galactic 103 Ifu 
ral, 163 163 Arctic and utarette 

361 313 a coordinate 181 

Clamp 163 


Clirk*(AIraa) bU detection o* a eec: 

panioo o' £ rfua 699 «, Koto J 
CUrka (Chpt. A R.X fiu cooputa^oo 
of the djaeoa ona and figure of tba 
enftb. 333 a bole D 
Gatueo bU orbit of cooet of 1313 
S98. 

Ctepa/dn, 190 

Clisato 364 SocuLir ebaegea of 
383 A 101 

Cloc< ISI Error ud ra.e of boir 
found "53 

Clockwork appl.ad to equatorial, 198 
Clou la grcaieet beigt t of 31 Afagcl 
luic.691 8oUr \ocaO S9Sdd 
Cluitera of itan 861 Globular 881 
Irregular 869 
CoHmatoo Una of, 161 
Cbilloucor fioatieg 118 Bobneobor 
get I 119 
Cotortdaiara 651 
Colaou hie mapa 884 
Colum, 301 

Cometa 654. Been is da/ tine, S55 
990 Talle of 956 966 999 Ez 
treme teonlt/ of 693 General 
deaenptloa «t 960 Uot ona of 
and Jncribed 661 Parabolic, 
961 Elliptic, 561 D/perbolIc 
964 V meniiona of 965 Of Hal 
ley 961 Of Cesaar 913 Of 
Encke 916 Of Blela, 910 lu 
•ubd rIaioD into two 960 Of Pa/e 
981 OfLeiell 085 Of De TIco 
988 Of Broraen 631 Of Peters 
S83 8/nops a of 0 emonta (Appon 
due) loereaae of ria'ble dimensions 
is reced ng from the sun 511 680 
Great of 1843 989 Its supposed 
Ideotit/ with man/ others 591 
Inte eet attached to s bjoct, 997 
Comstar/ statistics and conclus ons 
therefrom 601 Conclna ons from 
the pbenomena of their tails 910 
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Poeifble caou of tbotr Mccter&tba 
of period, 570. nest cuat^oed by, 
B9S, Frinclpol diacoTorara of, t97. 
Periodic, form two distinct 'lamUies, 
COl a Of 1680, M3, 01 IBSe, 
M4. OrUu of, identical with tboso 
cl motoon, DOS i t,JJ, 17ole K. 

OommeasunbillCy (near) of oesa uo- 
tfons; of Saturn’s sateilitea, SSd. 
Of ITmnus and Koptooe, 660, and 
note. Of Jupiter and Saturn, 130. 
Earth andTcnua, 726. EScetaof, 
119. 

Compenaalloa of disturbances, how 
edected, 710, 735 

Ooinpresilonol terrestrial BpherDtd,33I 

Oondguralions, inequalKlea depeadfog 
00, 639 

Oonjuacdoos, eopertof and loferter. 
dC9, M3 PcrturbadoQi ebtefly 
produced »t, 713. 

ConseiousQcsa of effort when force 
is exerted, 439. 

Oonatellations, 60, 301 Dow brought 
Into view by ctiango of Uutude, 63 
Elsing and eelUng of. 68 ' 

Oopemlcaii expUnoHoo of dinraal no 
bon, 70, Of apparent Douons of 
aaa and planets, 77. 

Oorreotioa of astronomical obserrs* 
tioBS, 324 . — f. Ortaographlcol 
summary, riew of, 342 Order 
of application of, 349, 

Crater* lunar, thetr great sire «* 
plained, 430 a, Kote IT Ifodele 
of by Ifr Kaarayth, 437 

Culminattona, 12S Upper and lower, 
126 

Cycle, of conjunctions of distarbing 
and dialarbed planet* 719 Ue 
toQiC 936 Callippic, ib Sdsr, 
921 Lunar, 922 Of indicbons, 
923 Of ecHpaea, 426 

Cyclones, 246 a. 


D 

Disexxtvo glasses, 204 «. 

Patos, Julian and Gregorian, Inteiral 
between, how computed, 927... 
Dawes (Her. W, R-X bU mode of 
obserriDg solar spots. 304 e. ills 
dlscorery of the sun’s fotorior en« 
Tolope, 3S9 a. His obaorradoo of 
{ntcrfor ring of Satnm, 62t. Ills 
discovery of bright spots on Jupi> 
ter’s bells, 612. Of an eighth BAtcl- 
llte of Batun, 648 

Day, solar, lunar, and sidereal, 143. 
Ratio of sidereal to solar, 309, 909, 
fill. Solar oDsqusJ, 146. Ifcan 
ditto, inrariablo, 909 CiriJ and OS' 
tfonomtcal, 147. InCercslary, 916. 
Days elapsed between principal chron* 
oiogicsl eras, 626 Rules for rsek* 
onlng between given dstee, 62T. 

I Forsulio for, Kote 0 Of week 
, not the some over the globe, 257. 
And eights, thetr fneqnatlcy ex 
plained, 369. 

PeclioBtion, 109, How obUined, 295, 
Parallels of, 113. 

Defioilions, 92. 

De la Rue fW„ Esq ), hls stereographs 
of the moon, 430 o, Kote H Bis 
photographs of the sun, 400 a 
His Tenfleadon of the willow leaved 
structure of Its earface, 337 a, 
Kote G 

Degree of meridian, how measured, 
310. . Error admissible is, 219 
ZieDgih of Iq various latitudes, 
316 321. 

Density of earth, how determiued, 
7T6 o b 

Densities of eun and planets, SOS b 
^eo also Synoptic Table ) 

Diameters of the earth, 220, 221 Of 
planets, synopsis. Appendix (See 
also each planet) 
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»{ e«a«t» h nwd-s* (•wa 

ihdria. S)f 

Entdaauoa <<£ cnkvujr klo^ulof. 331. 

Con*, Mi 

Dtp «( fconi«o 33 

MCtir, IS 1> 

V il* of ■U'f. ate. 

of tlia tMCD iho mb. 
3^T. ftied «Ui^. a<)T. ntj .. of 
Uji conh oo<i pUaou fm \hM tun. 
hHhono orerrot^i. corrtetloQ r» 
'ed, 331 «, Note T, poUr, t03 
I>i4if{eu, B&tnnit, la koomi. 303 
DU'irVIo; forre« eS3 O' taa, m 
B'wn, eoa. Kotaraof. e03 . Ora> 
erai cillaitlon of. ail. Kuserkat 
Tktwi (13 Conooltod ta difoc' 
tUn, aU }U4oIatJoa of, la two 
eiodM. ai3. ata FffKt* of C«£h 
rwMlnrl porUoa. Sll . <h mooo, 
tzproM'ooo of. Cia Oeooetrieol 
lo pfw « a tttloc« of, aia. Ill 
Ciaraol motloa oxpUload, (8 Poro! 

U(. 313 Boxoxka. lit 
PouUo rofnctlon. 393 Imiiro ml 
croaoter, o mv. dcaoribed. 393 
CocDOl, eSO Kobube, 818 
DoQbto Sun, B33 Gpodmooa of 
CBCb cImo. 838. Orblul bwOoo 
of, 839 Sobjoci to Knrtooloa 
aUrKdoa, Ml Otblia of pArtloa 
Ur 843 IXmonaioB* of Ihooo or 
UW 844. 848 Coloiod, 8S1 Ap* 
parent pertode nSoetod bj OoUoa 
Of ligbt, 883 

Dote, Un Uw of tempemtoro, 839 
Of roUtloQ of wltuU, 343 a. 
Drnlna^ faMln, 389 

C 

BlktB. It* BMlOQ oAoIwSbto, 18 
BqhorkU form of.. 18. 31. 419 
Optlent eSoel of its eurrstam, 39 
Diorasl roudoa ol 61 U^ono. 


M. P*rasa«T» of fe* bxU SI 
f?iier»4*f, 31T. 319 . PI 
ewcajxi* o'. 3'9. 319, t;9. 313 o, 
Vct» P 1.. ipuo C^ro 0 renrili of 
529 T*»f>rTBti.fo of »ar 
fs'v. Low BsUuInod, 338 Ap< 
p^arao/^ u *«oa frxKn ctooa, 418. 
Velorjjjr li 1» orbit, 414 IXfsfb- 
4a« by Vee.i». til Deor'ty of. 
318. at £• Li cuateat of. 318 L 
Eel lOM. 411 SoUr, 439, Koto O 
Loaor. 421 AeeaUr 4*3 Prri 
od.« rttors of. 438 KumbcrpoAl* 
bU la k year, 428. Of Jepfter's 
caioL UM, 3'8. 638 Of fUturn's, 
619 Totol of eua, pbeoonoca of, 
393 Anmeni, ibetr um in fixing 
antes. 933 

Eeliptle. 303 tu pl*M slowly ts 
rUtts, 304 CeoM of this TtrU« 
Iloo eipUlMd. CIO ToIm of, SOI. 
limiu, soUr, 413 tour, 631 
OUiijulty of, 803, SOI 
EiiyptUas. koelaat. ebroBotofry, 911 
rUmenta of s ptAsel's orbit, 493 
TsnnUons of C33 Of aoubU 
Star orUu, 813 Bysoptlo Ults 
of pUastary, etc., AppenaU 
Ellipes Tsriabto, of • pUset. 853 
UotBsntary or ooeulatit>(r. C34 
EQIptie BwtIoR k cootequeBea of urart* 
UtloD 448. Laws of, 489 Tbeir 
theoreUcol osplanatloo 491 
EtUptlcily of ibo Earth 308 331 Of 
iuntridiana 323 a. Koto D Of Its 
•qnator lb. 01 Jopller, 613 a 
Blon^llon, 831 Greatest, of Uer* 
eory asd Vsnua, 481 
PocoUdas, 648 oote 
Eseks cotoet of, 6TS. Ills hypothesis 
of tbs TeslaUaee of lbs other. 
811 

Epoch, ons of the elements of a plan* 
St’s orUt, 496. Its rsrUtlon not 
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Independent, 730 VftrUtlont toe! 
dent on, 731 74i 

Eqa&Uon vf 33S Of the centre, 
373 Of time 379 Lunar, 462 
Annual, of tlio moon, 733 Uen* 
Blrual, of Uie bud, &2S 
I^ualor, 81 113 Of the earth aotno 
what elliptic, 223 a. Koto D 
Equatorial, IBS 
— • loBlrumont, 84, 112 
— calms, 221 

Fquillbrium, fig:urQ of, In a rotallog 
bod7, 994 

Exemplified bj ui oxperiaent, 223 
Equinoetfal, 97, 113 Time, 143, 939 
Eqamox, 293, 303, 307, 302 
Equinoxes, precession of, 3(6. fu 
effects, 3lJ In wLai cotitistiog^, 
314. It* physical cause explained. 
3-13 

Eras, ehronologlcal list of, 920 
Erratic stars. 297 

Prrora, clasaiecation of, 133 lostm 
mencsl, 139. Of adjustaeac, 130 
Their doteetion, 140 Destrucuoa 
of accidental ones by taking asaaa, 
137 Of clock, bow obtained, 393 
Eacabhxhcnent of a port, 794. 

Ether, resistance of, B77 
Erection of moon, 748 
Erolote of ellipse, 219, 220 
Bxoentncities, stability of logrange'e 
theorem respeetiog, 701. 

Excentriclty In a dinded drele, how 
eliminated, 141. Earth’s orbit, 354 
Past and future see toMes In Ap 
pendlx. How ascertained, 377 Of 
tbo moon’s, 405 Momentary per- 
turbationof, inreetigaled, 670 Ap- 
pbeatlon to lunar theory, 688 Vari- 
ations of, in orbits nearly circular, 
jyu* Ai»Avjsatci(\nihtt7 All- Jlar 
manent icequaUlies depending on, | 
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Pxcci-fiof the Bun, 388 Explained, 
395 a 

Faye, comet of, 68 1 and Appendu. 
Field of view, ICO 
Fixed Btars Boo Stars 
Fizcau, Lis ncasuro of the relocity of 
light, 645 

Flora dlseorery of, 603 
Focus, npper Its momentary change 
of place, 670, 671. Path of, In vir- 
tue of both elements of disturbing 
force, 704 Traced In the case of 
the moon’s variation, 70S .. And 
parellaciic inequality, 713 Olrcu- 
latioo of, about a moan sltuatlou in 
planetary perturbations, 737 
Firree, metaphysical conception ol, 
439 

Forced rlbfsHos, principle of, eso 
Forces, dlsturblDg 8 m Disturbing 
Force 

Foucanlt, bta pendulom expenment, 
245 c His gyroscope, 346 A His 
determination of the velocity of 
Ught, 557 It. Note F 
Friction as possibly a source of the 
Sun’s beat. 400, 90S a , 887 e a, 
Note G 

O 

OsLAono circle, 793 fttlar db 
toDco, Ib. 

Galaxy composed of stars, 302 Sir 
W Qerscbel’s conception of its 
form and stmetute, 788 Distri 
hntioa of stars generally referable 
to 1^ 786 Ita course among the 
conatellatiODB, 787... DiIDculty of 
cooceinDg ita real form, 792 Telo- 
Bcopso analyeis of, 797. In Bome 
tiiiecUons unfathomable In others 
not, 798 

GallefDr) 500. Finds Neptops in 
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llcreclicl (Mh-* I' ) cointls Jiw^wetl 
by, 897 Kebuli ducovcred by, 
874 

Ilcrechcl (Pro/ A S ), Jifs obw 
xnUoQs of mctoorf, Note N, 905 
a o,jJ 

llcncbd (LtcuV J), Ms ob^ervatlooii 
of Dcbiil^!, Kole K, 89Q g, 89C kh, 
of RoUr eclipse% Koto O 
Hind Ills calculation of the return of 
comets 574 ClvtsMcnlion o/coBt 
cu, GOi 

Hipparchus. 281 

Hodgson, hia obscnadoiis of a plio 
nomcDon In iho sun, 3S7 a Koto Q 
Honson, 2J Dip of. 23, 195 Ra 
liOD&l and soosiblo 74 Ceiosuol 
98. 213 ,Ar((dcia> 177 
Homonlal point of t mural orUo. ho*r 
deUrmuicd 176 
Horrockos 168 

Hour circles. 113, 13C Glass. 160 
ZTuggias (W Faq ) his obssrrauons 
on new star in Corona, 831 , on the 
spectra of nebuiir Koto K, 89$ A A, 
ci the red prominences projecting 
from the sun, Koto O, of the tails 
of comets Kote O 395 d d, of 
Sirlua, Kote J, 869 6 b 
Humboldt, hi* detennloatioa of the 
mo&n heights of continents 289 j 

numcanes, 345 6 ■ 

Hyperion, 818 I 


lAPETtrS, 648 

DJununation of field of Tiew, 304 a 
Bed, Its adTantages, 204 6 Of 
wires, 204 b 

Immersion# and cmprsions of JupiteF* 
satellites 638 

Inch, Bntish, remarksbls relation of 
to the length of the earth's axis 
of rotation, 223 a. Note D 


Inclination of the moon’s orbit. 40G 
Of planets' orbits disturbed by or* 
Giogonal force, 619 Physical im* 
portanco of, u an elemeot C32 
Momentary variation of, catitoalcd 
633 CntcrJoa of taoroeniaiy lo 
cpeaso or dunlnutlon, 636 Its 
changes periodical and self-cor- 
recting, 63G Application to case 
of the noon, C38 

focKnalfoos, stabiLty of, f^grange'i 
theorem, 639 Analogous in thcli' 
perturbations to exccnlrldbes, 699 
IndiiUous, 921 

Inequality Parallactic of moon, 713 
Qieat, of Jupller and Saturn, 720 
ftiequaliiies. indopcodont of exeentrie* 
ky, tJieory o/, 102 Dependent 
OB, 719 

lostniioeut maVtsg its dUSeultiM 
I 131 Equatorial, 185 Alt-saimulb. 
187 

Inatrunentai errors how detected, 
139 

lostramesls, theory of. 140 
IntercalsUoD, 916 
Iris, discovery of. 805 
Iron, moteonc. 689 
lais (Seo table «/ Asteroids.) 

J 

JaUfcs (Sir H ) his projecuon of the 
sphere 383 His measure of attrac- 
tion of Arthur’s Beat, 776 e. 

Julua period, 924. Date. 930 Bef 
onuation, 916 
lano, discovery of, 60S 
Jopiler, physical appearance and de 
ecnptioD of, 611 EUiptioty of, 

511 Belts of 613 Gravity on 
surface, 60S Satellites of 510, 

63S Their uIq for determining 
longitudes, 266 Seen without sat. 
ellites 643 Density of, 603 6 
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Reconunradeii u a photOQctrte 
alasdanl 1S3 £\ementa of, etc. 
(See 8/noptlc Table, Appendix.) 

Jupiter and Eatcra. their mutcal per 
torbatlons TOO tSO 

K 

E.iT£B, hla mode of iDeaaunDg awali 
{nterralt of time ISO IIu coQi 
mtor, 178 

Sepicr hla lam 353 430 4S7 Thetr 
ph/elcal Interpretation 4^0 

L 

Ltscixo of tides 7B3 

Lagrange, hui theorems respecting the 
atabdit; of tie pUoetary spscetn 
830, CCO 701 

Laplaco mcouou for the secular ac 
eeleratlOQ of the moon 740 

lAnssa, ect pee of 933 At <1 Tulle 
938 

IasmU hvs obserratioQ o! spots oc 
Jupiter’s bells S13 IIis dUcototy 
of Ariel and tJmbriel S97 Of an 
eighth satell le ol Saturn U/ponon 
048 H;s ohscrsalions at Ualta. 051 
Istllinde terrestrial 88 PsniUelsof 
80 Hoar ascertained 110 139 Ro 
met’g raode of obta nmg 248 On 
a spheroid 247 Celcst al 308 
Hel ocentric, hotr calculated COO 
Oeoceuinc 003 01 a place ibto 

rlable 31 Of Greenwich J23 
Laws of nature bow arnved at 139 
Suhord nate appear first in fonn of 
errors. 139 Kepler's 352 487 
Leap-year 917 

Level, spini 176 Lines, 289 Sea 
285 Strata 287 
Lcremer 606 507 7C7 
Lcxell comet of 68 j 
L ibration of the moon 43S Dow 


araned of for stereoscopy 430 a, 
Lota IL Of apetdes 8H. 

Li„lt, ahemtloQ of, 331 Velocity 
of 331 How ascorlaioed, 043 
Orerralcd, its correction. 337 a, 
Lota P Fquitioa ol 33S Ex 
Unction of In traversing space, 
79S Di>Ltnce measured hy [ta mo 
tum 802 Of certain stars com 
pured nitli the san 617 Effect 
of its motion In altenng apparent 
penod of a double star SC3 Zodi 
acaJ 897 

limits ecliptic (*e« PcJiptic I niits ) 
Local tme 252 

Lochyer (J N Fsq ) his ipectro* 
seopic obeerrations Koto 0 
Loh?Taann,hlscharuo(tleB»on 437 
London centre of the terreslnsl hemi 
sphere 284 

Longitude terrestrial 80 How de 
tennined 121 2.>l Oy lihranein 
eters 25 j By eignals 2&f By 
elecuie telegraph 282 By shoot* 
log Starr 2CS By Jupiter’s sate! 

I tee etc 2CG By lunar obeerrs 
Hods 287 Cclcsiial 308 Mean 
and true 375 Ilci occninc, COO 
Geocentric 372 603 Of Jupiter’s 
satelbiee airious rctstlons of 042 
Lunar distances 367 Volcanoes 
aod craters 430 a Note H 
Lunation (synodic revoluiion of the 
moonX Its durat on 418 

M 

IfaCLEait liia measuremeDt of arc at 
the Cape 220 Ris rediscovery of 
d Arroat 8 comet 600 I 
hlagollan c clouds 892 
Ifagneic storm remarkable 387 a 
Note G 

ifagnet STD lerrestnal coDoected with 
epoLs oil the sun 391 c 
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Magnitudes oi stars, 180 . Common 
and photometric scales of, 180 . 
And Appendix. 

Mam, lils ob'orvation of Saturn, 622 a 
Maps, geograptucal, uonstrucUon of, 
213. Celestial, 200 Of the moon, 
431. Pfojecliousnsedin, 246, 280 . 
Mark, meridian, 100 
Msr«, phases of, 48 i Grariij* on sur- 
face, 608 Continents and seas of, 
510 Elements (Appendix) Rota- 
uoD on Imaxis, 610 
Maskelyno. hU meisuro of attracuon 
of a mountain, 11G t 
Masses of planets determined by thoir 
aatcllilos, 832 By their mutual 
perturbatjous 151 Of Jupiter's 
satellites, 188 Of the moon, 169 
Of the sun and planets, orerestl 
mated, correcuon. 3S1 a Kote P 
Mean motions of Jupiur's satellites 
Biognlsr relation of. 643 Do , of 
Saturn's, 690 
Menstrual e(;aatloQ, 628 
Mercatot'a projections, 291, 243 
Mercury, synodic rerolution of, 413 
Velocity In orbits, 414 Suiionary 
pointeof, 416 riiasos, 411, Great- 
cit clongationii, 493 Transits of, 
443 neat recslTcd from sun, 669 
rhyocal appesrsnee and desertp- 
lion, 600 Fleisente of (Appendix) 
Meridian, terrestrial, 95 Celestial, 
101 Line, 81. 190 Clrdc. 114 
Mark, ]90 Arc, how nnsaured, 
210 Arcs, Innirtbs of, la various 
UUtiides, 318 Length of a desrree 
of, fn feet. 131 

Messlef, hb caUlogue of neboU*. 165 
Meteors, 99' renodical, 500 . 
Ifelghu of. 504 Reennt d seor 
erlea respectifig Koie K Of Aog 
Ifi and Xot- 13 their orluM. 505 
i i.J j. Kot* J** 


Metis, discovery of, 605, 

Michell, his invention of the torsion- 
balance, 716 h Ita application lo 
measure density of tho esnii, 176 i, 
niB speculations on the distribution 
of stars, 833, 

Micromctcro, J99 . Double Injagi^ 
200 .. Position, 20 1 
&niky way. (Seo Galaxy, 303 ) 
Mimas, 650, and note. 

Mines, oscillations of pendulum In, 
833 

Mira Cott, 6J0 

Mitchell (hllss), her diseorery of a 
comet, 659, 691. 

Month, lunar, 419, 934, note 
Moon, her morion among Iho stars, 
401 Disianco of, 403 Magnlludo 
•and horisoDtal parallax. 401 Aug* 
mentetiOD, 404 Her orbit, 405, 
RsTOluUoQ of nodes. 401 ApsIdM, 
409 OcculteUon of stars by, 414. 
Phases of, 410 Brightnesa of aur 
taec, 411. note nedness In ccUpsos, 
433 Bidereal and tyuod'e. rernlti* 
tlon, 419 rhyslcal coniiituilon of, 
425 . Pestlluta of armslblo almos- 
pere. 431 Mountains of, <30 Vol- 
canic craters of, 430 a, Kote If, 
Chuute, 431 , fulistxracta, 434. 
IfabirsUtity, 43$ a, b JJhrMlIon. 
435 Visible In total eebpse, 431 
note. TlarTosi, 43* 5 Influmco 
on woaUier, 43] ami note. Rote* 
tloa on axU. 435 Appearance from 
earth, 43*1 Maps and models of 
411. 430 tL 8tert»vr»r* tepfv- 
acautlon of. ib. ftesi form of orVlt 
round the sna. 463 Grarlty oa 
snrface. 808 Itrr mass and den- 
sttr (^ee Pynnpll-* Tatle of 
nenta, Ilf) Moitnn of her nodra 
and change of Inrllnailoii riplalned, 

C34 .. Uoilon of apiMes. eic... 
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Olberf dtscovers Pallas anj VMla, 

f*«05 “llis^bypoihcsis of iLe partial 

opacity of spaco T08 
Omar, Lla proposal far a rule for bia 
sexltles, Koto 92G 
Opacity, partial, of apace, 198 
Osctllalions, forced pnodpla of, 658 
Orbits of planets, their elemestsfAp 
pendu) of double etara, S13 Of 
comets (Seo Comets ) 

Orthogonal disturbing force, and Its 
etieccs, 6{6, 619 
Orthographic projection, 380 


P 

Falitzcii discovera the variability of 
Algol, 82i 

Psllaa discovery of 505 

^alm trees their disappoarance from 
Judea, 389 c 

fanllaetieinatrureent. 185 foequat 
iiy of the moon 712 Of planet* 
713 7nit of Sidereal diatanccs, 
804 Uotion, 68 

Parallax 70 Oeocoatric or diumu), 
339 Helioeeatnc, 841 Ilonzon 
tal, 355 01 the moou 404 Of 

the Bun, 357, 479 481 OvsreeU 
mated, its probableeorreciton, 3S7a 
Note F Of Mars ib Annual of 
stars 800 Ho<r investigated 805 
Of particular etars 813, 813, 6l5 
Systematic, 862 NSect o( on lunar 
distances, 2T1 As a nranognphi 
cal correction, 341 Calculation ol, 
338 

Pans, longitude of, 262 

Peak of TeneriCe, 32 

Pendulum clock, 89 A measure of 
gravity, 233 

Pendulum used aa a measure of grav 
ity, 235 Seconds length of, 325 


Poucnult’a, 245 e D'sed to racas 
uro density of the earth 776/, y 
Penumbru 420 Of solar spots (Soo 
SpoU ) ^ 

Perigee, 368 a Of the moon, 40G 
Perihelia and excentncities theory 
of. 670 

renfaelion 363 Of tho earth, Ifs 
penod of revolution, 366 b Fflect 
of Ka revolution on seasons, 369 b 
Loogitiide of, 495 Passage, 496 
Ileal endured by comets in, S92 
Penod Juhan, 924 01 Planets (Ap ) 

Periodic time of a body revolving at 
the earth's surface 442 01 plan 

cts bow ascertained, 486 Ijaw of, 
483 Of a disturbed planet perms 
nently altered 734 
Fbriodical stare 320 list of 92S 
Ptespeclivo celestial, 114 
Perturbstions, COS 01 Vnaae by 
'Neptune, 767 

PeCers, tus researches on parallax, 
815 On proper ciotions of stare 
859 

Plirises of the moon explained, 416 
Of ifercury and Tenns 465 477 
Of BvpenoT planets 434 
Photogrephio represeatat/on of Ihe 
moon. 457 

Pbetomstrlc scale of star nagnitudea, 

180 

Photometry of stars 783 
Piaszl diecovere Ceres 605 
Picard, 153 

Piddington on Cyclones 245 d 
Pigott variable stars discovered by, 

834 

Places, mean and true, 374 Oeo- 
uetne and heliocentric, 371, 497 
Planetary nebuls, 876 Note 
Pfanets 299,455 Appareof motions, 

451 Stations and retrogradationa, 

459 Reference to sun as their cen- 
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tre CommuniCj of nature nith 
Uic earth 463 Apjoreal diMBCtera 
of 4&1 Phases of 46S Inferior 
and auporior, 4TC Tnotita of (aeo 
Transit) Motions exptainod 4C3 
DistAQcei! Low cofldoded, 4Tl Pe 
riods Low found 433 ‘^j'ood cal 
revolutions 432 4S6 Superior 

tbcir stations and retroftradationa 
485 Uagnllude of orbits how 
concluded 485 Elements of, 495 
(Seo Appendix for S/nopUc Table ) 
DoQSiiies 508 Physical peculian 
ties. etc. 509 Illustration of their 
relatiTe avxea and dialances 536 
pivision Into classes 635 a 
Plantamour Lia calcuUcioos rospect 
log the double comet of Biola, 
593 

Pleiades 86$ Assigned by Ifadler 
as the central point of the sidereal 
lysteiB 861 Snght nebula die 
covered in, 896 a, Kota E. 
Plumb-line direction of 23 Use of 
in observation 136 On a spheroid 
319 

Pogson his obserrahoD of vsnable 
stars 82S Discovery of asteroids 
(See Synoptic Table ) Ha obserra 
tion of a temporary star in a globu 
hr cluster 896 a Note K 
PoUr distance 105 Po nt on a mural 
circle 170 172 
Polarization, 333 
Pola-nzlng aje-pvsca M4d 
Polos 83 112 113 Ofecliptc 303 
Thetr motion among the stars 313 
Pole-star 95 Useful for find og the 
latitude 171 Not always the same 
318 VniBl, at epoch of tl e baild 
lag of the pyramids 319 

pla ned 398 In what consisting 

383 a Note O 


Q2l 

Position Angle of, 30 1 Micromo 

ter (b . ► - 

PouUiet (U.) Lis measure of solar 
ndtallon, 393 <r note 
Powell (E B , Eaci) Lis elements of 
double star orbits, 843 IIis obser 
rations of a ranable nebula 89C a 
Note E. 

Powell (Prof ) Lis explanation of tba 
gyroscope 345 y 
pnesepe Canen 665 
Precession of tho cqu noxca 313 
In wbat consisting 311 Effects 
313 Physical explanation 642 
Pnmtiig and lagging of tides 353 
Principle of areas 490 Of forced 
vibrations 650 Of repetition 198 
Of eoDseirahoa of vis viva 663 
Of ceUimation 138 ' 

Pnubard (Rev C) his veriBcatlon of 
the wiUow leaved etrveture of tl e 
sun s pbotospbere. 383 a, Note O 
Problem of three bodiee 608 
Problems In plana astronomy 12T 
309 

Projection of a star on the moon’s 
limb 414 note 

Projections of the sphere 280 A. 
simple and convenient described 
283 Of equal areas 283 b 
Proper motions of the etars 852 Of 
Sinus iaequalit os lo 859 Proba 
ble explanal on of 869 a Note J 
Of the sun 853 658 a Note L 
PyeanuiU 919 

R 

Badisl d sturbiDg force 615 
Radist on solar on planets 608 On 
comets 592 

Rate of clock how obtained 293 

I Rsadj'x^'^.. niatboda.>'’f. ’ 05., ^^®PP^ 
site effect of the elim natiog errors 

141 
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Olbcr? dtscovera ralla* and Ve^t* 

, • 105 /His^lijpotliesm of tboparoa) 
opacjty of sp.icc, 108 
Omar, hU proposal for a rule for ble 
sostHes, Note A, 026 
Opautj, partial, of space, 198 
OacdUtloaa, forced pnociplo of 636 
Qtbila of planets, thcir elements (Ap 
pendli) of rjoullfl stars 8f3 Of 
comets (Seo Comets ) 

Orthogonal disturbing force and Its 
effects, 616 619 
Orthogrsptiie projectios, 280 


P 

Falitzch diseoYera the variability of 
Algol, 831 

Pallas diacovciy of 503 

Palm trees, their disappearance from 
Judea, 869 e 

ParaltsePe instrument 18S focqual 
ilT of the noon 113 Of planets 
113 Unit of sidereal distances, 
804 hfoUOD, 68 

Parall'vs 70 Oeoceoiric or diurnal 
839 IJelioceotnc 341 Uortzoa 
tal, 35& Of (he moon, 404 Of 
the 8ua, 357, 479 481 OreresU 
mated, Us probable correction, 3ST a. 
Note F Of ilsrs, ib Annual, of 
stars 800 Flow iavestigaied 805 
Of particular stars 813 813, $15 
Systematic, 862 FSect of, on lunar 
distances, 27] As a uranograpbi 
cal correctioD 341 Calculation of, 
338 

Fans longitude of, 262 

Peak of Tenenffe, 32 

Pendulum clock, 89 A measure of 
granty, 235 

Pendnlum used as a measure of grav 
Ity, 235 Seconds, length of, 325 


Foucault’s 245 e Used to mean 
lire density of the earth 116/, g 
Penumbm, 420 Of solar spots (Soo 
Spots ) 

Pongeo, 368 a Of lie moon, 406 
Perihelia and esceotnciues theory 
of, mo 

Penhelion 3CS Of the earth, Its 
fienod of revolution, 366 8 Effect 
of Its rovolution on seasous, 369 6 
Dongitude of, 495 Passage, 496 
Heat ondiired by comois in, 692 
Period, Julian, 924 Of Planets (Ap ) 
Periodic time of a body revolving si 
the earth’s surface 442 Of plan 
eta, how oscerlainod, 486 Law of, 
488 Of a (disturbed planet perma 
neutly altered 134 
Periodical stars 8i0 List of 825 
Prespociive celestial, 114 
Perturbations. 602 Of Uranus by 
♦Neptune, 767 

Peters, his researches on paraliaz, 
815 Da proper motions of stars, 
859 

Vhnaea of tie moon explained 416 
Of kfercury end Venus 465, 417 
Of superior phioeu 484 
Pliotograpbie representation of the 
moos 457 

Pbotoinetnc scale of star magnitudes 
789 

Pbotometry of stars 783 
Piszsl discovers Ceres 605 
Picard, 163 

Piddington bn Cyclones 245 d 
PigoU veneble stars discovered by, 

834 

Places, mean and true, 374 Geo 
metne and behocentrie, 371, 497 
Planetary nebulsc, 876 Note £. 
f^oete, 299, 455 Apparent motioas, 

461 Stations and retrogradations, 

469 Beference to sun as their cen- 
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tre, 4Si Commanit^ of D&turo with 
th« c&rtli, 463 Apparent diameiera 
of, 4&t Pbasea of, 4CS Infenor 
and aupcnor, 476 TraoaiUi of (eeo 
Tnniit) Uotloos explained, 4CS 
Distanced, hotr concluded, 47t Pi 
nods, how found, 473 Synodical 
reTolntion^, 472, 486 Superior, 
tbeir stalioDS and relro^datlona 
485 Magoitudo of orbita, how 
concluded, 485 ‘ElcmeaU of, 435 
(See Appendix for Synoptic Tabic ) 
Donsuies, 608 Physical peculuin 
tica, etc., 609 lllitstrailon of their 
relatirc tixea itnd distances. 626 
OiTUion into classes, 626 a 
Plantanour, hts e&IcuUtioat respect 
ing tho double ecmet of Bicia 
693 

Fleiadea, 665 Asngoed by UadJer 
as the central point of the aidereal 
eyttes, 661 Bnght nebula die 
corered In 696 a, Kote K. 

Plumb line direction of, 33 Use of. 
In obserration, 77 6 On a epberoid 
319 

PogBOD, his obserTation of ranable 
stare, 836 Discorery of asteroids 
(See Synoptic Table ) His obserrs 
tion of a temporary star in a globu 
lar cluster 896 a Note K 
Polar distance 105 Poiut, on a mural 
circle, 170, 173 
Polanzatton, 397 
Polanaing eye piece, 304 d 
Poles, 83, 112, 113 or ecliptic. 307 
Their motion among the stars, 311 
Pole star, 95 ntcful for finding the 
latitude 171 Not always the same 
318 Whai, at epoch of the build 
ing of the pyramids 319 
Pores of the son’s surface, 367 Ex 
plained, 393 In what consisting 
387 a. Note G 


Posttion, angle of, ,304 Idicrotno 
ter, Ib/ . . *• 

PouUlet (6L) hla measure of bolar 
radiation, 397 cr, note 
Powell (E, B , Esq ) his elements of 
ihHibla alar orbits, 843 His obser* 
Tahona of a ranable nebula, 69C a, 
Note K. 

Powell (Prof ), bis explanation of tho 
gyroscope. 345 / 

Pnesepe, Cancrl. 865 
Precoasion of the equinoxes, 313 
In what cODSlsltsg, 31 i FBects, 
313 Phyaleal explanation, 642 
Priming and tagging of tides, 753 
Principle of areas. 490 Of forced 
ribretloos, 050 Of ropetiiion, 193 
Of coDserratiOD of rfs rira, 663 
Of coliimalion, 178 
Pritchard (Rer C ), his renflcatlon of 
the willow leered structure of tlia 
sun’s photosphere. 387 a. Note 0 
Problem of three bodies, 608 
Probtetne In plane aatroneray 127 
369 

ProjecUon of a star on tho moon’s 
limb, 414 note 

Projections of tbe sphere, 380 A 
simple and convemeut described, 
283 Of equal areas, 283 h 
Proper motions of the stare, 652 Of 
Sinus, inequalities in, 859 Proba- 
ble explanation of 859 a Note J 
Of the sun 853, 858 a, Note L. 
Pyramids 319 

n 

Radiai. disturbing force. 61S 
Radiation solar, on planets 508 On 
comeu, 592 

Bate of clock how obtalnod 293 
Read ugoS. methods of 105 Oppo 
site effect of (be eliminating errors 
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UoJiictioii of utronoiulcat olj«crv» 
tIonN, nc. 

UetlcctSii^ clrclo, 137. 

flc/ioctom, UfRO, ho\rcoiKina{*«l,204/ 

Kollcclioii, ol>4orTnUoQ» bjr, 173. 

of Mlcnilir, b/ 

OIB Ilv AxiguMui, 019 By Pof* 
Orf(rory, 93J. )'rnpoi|>l Iiy Om*r 
(or. 900, Noto A 

Udfrnctioii, 33 Aiiroaouiicat und lu 
cSocu 39, 40 UoMiufQ of, BOt) 
U» of rsflatton, 47 How 
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